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Cretaceous. 



The Areas and Problems investigated. — In northwestern California and 
southwestern Oregon, where the Sierra Nevada, Cascade and Coast ranges 
meet, there is a plexus of mountains which may for convenience be 
called the Klamath mountain group. The Klamath mountains extend 
from the fortieth to near the forty-fourth parallel, and include the Yallo 
Bally, Bully Choop, South Fork, Trinity, McCloud, Scott and Salmon 
mountains of California, and the Siskiyou, Rogue river, and perhaps 
others in Oregon. The outline of the Klamath mountain group is indi- 
cated on the accompanying map by a heavy broken line. The map 
(plate 4) contains nearly all the localities mentioned in this paper. 

* Printed by permission of the Director of the U. S. Geological Survey. 

•ThiH paper is a sequel to a memoir on the geology of the Taylorville region of California, pub- 
lished in Bull. Gcol. Soc. Am., vol. 3, pp. 369-394. Both are accompanied by paleontologic papers; 
the first by Professor Hyatt, on the " Jura and Trios at Taylorville, California " (vol. 3, pp. 395-412), 
and this one by Mr Stanton's brochure " On the Faunas of the Shasta and Chico Formations," which 
immediately follows. 

XXXI-Bui.l. Gkol. Soc. Am., Vol. 4, 1892. (205) 
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In his excellent correlation paper on the Cretaceous, * Dr C. A. White 
has given a bibliography and concise review of the work already done 
on the rocks of that system in the Pacific border region from California 
to Alaska. The present state of knowledge, so far as California is con- 
cerned, may be most clearly expressed by the following tabular view, 
which I copy from Dr White : f 



, 




Eocene 


Chico-Tejon series 


i 


1 v~ 

Lpper 
Cretaceous 


Probable place of the Wallala formation 

i 




Lower 
Cretaceous 




Shasta formation 




Jurassic 





He considers the Chico-Tejon to be the upper portion of the upper 
Cretaceous, and that it continues upward into the Eocene. The Shasta 
formation, which is composed of the Horsetown and Knoxville beds, is 
confined wholly to the lower Cretaceous. There is supposed to have 
been a long time interval J between the deposition of the Shasta and 
the Chico-Tejon, and the final portion of this interval is supposed to be 
represented by the Wallala formation. 

My first object in this paper is to adduce evidence in support of the 
following propositions : 

1. The Cretaceous strata of northern California and Oregon, embracing 
the Chico, Horsetown and Knoxville beds, are an essentially conformable 
and continuous series of sediments, formed without distinct interruption. 

2. These strata were deposited while the region was gradually sub- 
siding and the sea was transgressing northern California and Oregon. 

* Bulletin 82, U. S. Geological Survey, 1891. 

t Ibid., p. 241. 

X Ibid., pp. 189, 190. 
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This subsidence continued until the sea reached the western base of the 
Sierra Nevada and all or nearly all that part of California north, north- 
west and west of Lassen peak, and almost the whole of Oregon was 
beneath its waters. 

Relation of the Qhico and WaUala Beds. — The Wallala group of Becker 
and White, exposed at Wallala, Mendocino county, California, and Todos 
Santos bay of Lower California, has furnished a fauna containing only 
ten reported species. The characteristic fossil of this formation, Coral- 
liochaina orcutti, has since been discovered at San Diego, California, and 
has been studied in the field by Dr W. H. Dall, who informs me that in 
the same conformable series of strata with the Wallala fauna he found 
Chico fossils. There is such an intermingling of Wallala and Chico 
forms that it is not practicable to separate the Wallala and Chico beds. 
It is the opinion of Dr Dall, which I am permitted to announce, that 
the Wallala formation may properly be regarded as a phase of the Chico. 

In a collection of fossils made in 1888 at Stinking canyon, seven miles 
southeast of Stillwater post-office, Shasta couuty, California, there are 
three fragments, which were then supposed by the writer to be coral. Mr 
Stanton has examined these specimens and recognizes them as either 
Rudistae or Chamidee. The structure is very well marked, but the fr _ 
ments are not large enough to give more than the structygjjCft is* so 
characteristic a feature of these families that there can be little doubt as 
to its identity. Furthermore, as Coralliochama orcutti is the only species 
yet found in the Cretaceous of the Pacific states that has the peculiar 
cellular shell structure, it is probable that the fragments in question are 
of that species. This view of the case is corroborated by the fact that 
Axinea veatehii is one of the most common shells of the Chico beds of that 
region, and Dr Dall reports the same species, as well as Baculite8 chico- 
ensis, at San Diego. It is evident, therefore, that the Wallala beds are 
part of the Chico and require no further special consideration. 

Relation of the Chico and Horsctown Beds. — Both of the formations are 
well exposed in Tehama and Shasta counties, California, along the west- 
ern side of the Sacramento valley. In 1888 and 1889 nine sections were 
examined and two measured by Mr J. Stanley-Brown and the writer* 
across the Cretaceous belt between Paskenta and Redding. 

The general strike of all the Cretaceous rocks in this belt is approxi- 
mately north and south, and their dip is to the eastward, away from the 
older rocks of the Yallo Bally mountains of the Klamath group. Sev- 
eral small faults and folds, beside numerous irregularities in the dip and 
strike of the strata at other points, were observed, but the irregularities 
were always slight and of limited extent, and occur irregularly distributed 

• Am. Jour. Sci., vol. xl, Dec. 1890, p. 476. 
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throughout the whole series. No definite discordance could be made 
out anywhere within the sections, and the slight irregularities could not 
be identified in any two sections at the same horizon. There is good 
reason, therefore, for believing that these irregularities are only local. 
They are believed to be simply those of original continuous deposition 
coupled with others that naturally arise in the deformation of a great 
thickness of shales conformably interstratified with a much smaller pro- 
portion of relatively thin conglomerates and sandstones. 

The conclusion derived at that time from a study of the stratigraphy 
alone was that the Cretaceous formations from the base of the Knoxville 
through the Horsetown to the top of the Chico form a continuous series 
of sediments, the deposition of which took place without a marked in- 
terruption of any kind. At the same time it was fully recognized that 
even absolute conformity * does not necessarily indicate uninterrupted 
sedimentation, and that faunal continuity is essential to complete the 
demonstration. Furthermore, Dr Becker reports an unconformity be- 
tween the Chico and Shasta groups at several points on the Coast range, 
and considers it of great importance, f Mr H. W. Turner states J that 
sections north of mount Diablo apparently show continuous deposition 
from the Neocomian to the Pliocene, inclusive. Nevertheless, from his 
own observation, there and elsewhere, together with those of Mr Becker 
and Dr White, he regards it as practically certain that there is an un- 
conformity between the Chico and Knoxville beds. 

In none of the cases noted above have the authors been advantagously 
situated to compare the faunal relations of the two groups. This I shall 
now proceed to briefly consider. 

During the seasons mentioned many Cretaceous fossils were collected 
from seventy-nine different localities in California and Oregon. Since 
that time the collections have been greatly augmented from other locali- 
ties in Oregon by Mr W. Q. Brown, and in California by James Storrs 
and the writer. 

The fossils were all determined by Mr T. W. Stanton || under the su- 
pervision of Dr C. A. White. They kindly furnished notes on the age 
of the fossils in each case, distinguishing only between the Shasta and 
the Chico-Tejon. In some cases, of course, the age could be stated ; in 
others it was doubtful, but in most cases it was given without reservation. 

When an attempt was made to represent these determinations on a 
map and draw the line between the Chico-Tejon and the Shasta, a serious 



* McConnel describes the Cretaceous as perfectly conformable on the lower Carboniferous or 
upper Devonian. Geol. Survey of Canada, Annual Report, 1886, part I), p. 17. 
t Bulletin 19, U. 8. Geol. Survey, 1885, p. 12; U. 8. Geol. Survey Monograph xiii, 1888, p. 188. 
% Bull. Geol. Soc. Am., vol. 2, pp. 399-401. 
| Recently Mr Stanton has carefully revised his earlier determinations. 
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difficulty was encountered, due to the intermingling of the localities. 
Chico fossils were found in the vicinity of Ono, on the North fork of 
Cottonwood creek, and elsewhere, close to the base of the Horsetown 
beds. Their presence in such positions, associated with well recognized 
Shasta fossils, cannot be satisfactorily explained by attributing it to the 
deformation of the strata in which they are contained. 

A review of the literature, including notes on recent collections con- 
cerning the faunas of the Chico and Shasta formations, respectively, in 
northern California, shows that these faunas are much more closely re- 
lated than formerly supposed. 

Gabb reports* that Ammonites bateau, Gabb, A. remondii, Gabb, and 
Ancyloceras (?) lineatus, Gabb, have been found in both the Chico and the 
Shasta groups. Dr. White f adds, with some doubt, Ammonites stoliczkanus, 
Gabb. To this small list may now be added the following species : 



Actxmiina pupoides, Gabb. 
Amauropsis oviforniis (?) 
Ammonites hoffmanni (?) 
Area breweriana, 
Cardium tranducidum, 
Cordiera mitrseformis (?) 
Hamites vancouvcrensis, 
Meekia radiata, 

" sella, 
Pecten operculiformis, 
Ringicula varia, 
StraparoUus paucivolus (?) " 
Trigonia cuansana, Meek. 
tryoniana, Gabb. 



a 
u 
u 
u 
a 
u 
u 
k 

M 



Trigonia leana, Gabb. 

" equicostata, " 
Panopsea concentrica, 
Cucukca truncata, 
Cardium annulatum, 
CorbiUa traskii, 
Mytilus quadratics, 
Leda translucida, 
Meekia navis, 
Tcttina matthewsonii, 
Chione varians 
Mactra ashburneri, 
Tellina hqffmanniana, 



u 
(I 
u 
u 
u 
u 
(< 
li 

M 
U 
U 



U 



Besides the twenty-five species definitely determined there are six 
whose identification is doubtful. Of the latter it may be said that, if not 
identical with the species named, they are most likely closely related. 
If these identifications are correct there are thirty-one species which con- 
tinue from the Horsetown beds over into the Chico. Furthermore, in 
addition to these there are numerous genera common to both series, but 
not represented, so far as yet known, by determinable common species. 

The intermingling of Shasta and Chico fossils in the same beds may 
be seen best at Horsetown and Texas springs, J where those noted in the 



• *Geol Survey of California: Paleontology, vol. ii, 18— , pp. 211-213. 

t Bulletin 15, U. S. (ieol. Survey, p 10. 

{Texas spring* aro on the northern Hide of Clour creek, three miloa below Horsetown, Shasta 
county, California. At these two local i ties there are not more than Id) feet of Cretaceous rocks 
exposed, resting directly, with marked unconformity, on fossiliferous Jura-Trias and older rock*. 
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following list* have been collected recently for the writer by James Storrs. 
To distinguish the Shasta and Chico species, as indicated by Mr Stan- 
ton in these lists, the former have been marked with an asterisk (*) and 
the latter with an obelisk (+). 



FOSSILS FROM HORSETOWN. 



* Ammonites hoffmanni, Gabb 
* Ammonites bretceri, 
*Dejjtychoceras her is, 
A nn/locems (?) lineatus, 
*Belemnite* impresses, 
Liocium punctata m, 
Cumlia. sp. undet., 
*LufUitia accllana, 
fRingicula taria, 
fPanopaea conccntrica, 
fCuculaea tmncain, 
iArca breweriana, 
t Trigon in xqu icostata, 
Trigonia, related to ecansana, % 
fPecten operctdiformis, Gabb. 
fCardium (Lxvicardiuin) annula- 
te m, Gabb. 
fO/rbnla traskii. 
fMytilus quadratus, Gabb (?) 
fLeda translucida, " 
*Pleuromya laevigata, Whiteaves. 
Rhynchonella, sp. undet. 
fXemodon vancouvereims, Meek. 



a 
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u 



it 



u 



u 



it 
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u 



u 



•< 



it 



M 



u 



FOSSILS FROM TEXAS SPRINGS * 

* Ammonites hoffmanni, Gabb. 
^Ammonites breweri 
AcUeonina calif arnica, 
Gyrodes, sp. undet. 
*Belemnitcs impress^ Gabb. 
Liocium punctatum, 
Fusns aratus, 
*Lunatia atellana, 
Scalaria albcrusis (?), D'Orb. 
*Ringinella polita, Gabb (?). 
*Anisomyon mcekii, 
fArca breweriana, 
"\ Trigonia sequicostata, 
Trigonia related to evansana, J 
fPecten operculiformis, Gabb. 
t Trigonia leana, " 

"fOorbida traskii. 

fTellhia hoffmanni, Gabb. 

fMactra ashburneri, 

fChinone varians, 

Rhynchonella, sp. undet. 

fTellina mathewsonii, Gabb. 

fMeekia radiata, 

fMcekia navis, 

fAfeekia sella, 

Mytilus lanceolatus, Sowerby (?). 

fPanoptea conccntrica, Gabb. 



ii 
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Concerning this collection Mr Stanton, in his report dated December 
17, 1802, says: 

" It is evident that all the fossils in both these lists belong to one fauna, and 
probably to a very limited zone, and they will be so considered in making com- 
pari pons with described faunas. 



X Probably not described. 
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" This collection leaves no room for doubt that the faunas of the Shasta and Chico 
groups are so intimately blended that they cannot be separated. Horsetown is a 
well known Shasta locality, from which the types of some of Gabb's Shasta species 
were collected, yet in this small collection, containing twenty-one species from this 
place, ten species belong to the Chico fauna as described by Mr Gabb. Combin- 
ing the collections from these localities, there are thirty-six species enumerated, of 
which ten have been described as coming from the Shasta group, eighteen from the 
Chico group, and eight are doubtful or undecided." * 

So far as I have been able to learn, about seventy species and a dozen 
genera not represented by determinable species have already been rec- 
ognized in the Shasta series of California. Of these fossils certainly more 
than one-fourth, and probably nearly one-half, continue upward into 
the Chico beds, and clearly indicate that the Horsetown and Chico beds 
are much more closely related than has been supposed.f 

When we take into consideration, at the same time, both the strati- 
graphic and faunal evidence, there can be no doubt that the Horsetown 
and Chico beds were formed in one period of continuous sedimenta- 
tion. 

Relation of the Horsetown and Knoxville Beds. — In Tehama county, Cal- 
ifornia, where the contact between the Horsetown and Knoxville beds 
is well exposed, their relation can be studied to great advantage. Along 
Elder creek, just north of the fortieth parallel, at the eastern base of 
Yallo Bally, the unaltered fossiliferous Cretaceous strata have an appar- 
ent thickness of nearly 30,000 feet.J The whole series, including the 
Chico and Shasta groups, dips eastward away from the Coast range with 
remarkable uniformity and appears to be one continuous series of sedi- 
ments from top to bottom without a perceptible interruption. In the 
lower 19,900 feet its only fossil found is Aucella. These sedimentary rocks, 
the Knoxville beds, are limited below by serpentines resulting from the 
alteration of peridotitic eruptives such as form a considerable portion of 
the Klamath mountains and Coast range. In the upper 3,900 feet of the 
Elder creek section Chico fossils occur abundantly, while in the inter- 
mediate 6,100 feet Horsetown fossils have been found. The latter are 
best exposed in the Bald hills between Paskenta and Lowrey's, where 
Aucella occurs abundantly in the basal portion, associated with Ammon- 
ites baiesii, Trask; A. ramosus, Meek.; A. traskii (?), Gabb; Ancyhceras 
percostatus, Gabb; Rhynchonella, n. sp. ; Siliqua, sp. undet. Although 
these fossils were not actually seen together with Aucella in the same 
rock exposure, yet they were seen so near together throughout a great 

* See also Mr Stanton's paper which immediately follows, p. 22.5, et seq. 

f It is important to remember in this connection that the collections have been made almost 
wholly by geologists while studying the stratigraphy, and not by paleontologists who were en- 
deavoring to determine the relations of the faunas. 

t Am. Jour. Sci., 3d ser., vol. xl, 1890, p. 47«. See also Bull. Geol. Soc. Am., vol. 2, p. 2U7. 
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thickness of conformable shales and sandstones that the writer regarded 
them as not only contemporaneous but intermingled and belonging to 
the same fauna. On Elder creek, therefore, the evidence clearly indi- 
cates that the Horsetown beds are younger than the Knoxville, and 
that between them there is a stratigraphic and faunal continuity. 

Mr Becker and the writer* claimed that at Riddles, Oregon, Aucella is 
associated with ammonites and other forms of Horsetown age. The 
writer visited Riddles four times, and, in company with Mr Will Q. 
Brown, examined nearly all of the fossiliferous rocks of that region, but 
has never been able to obtain Aucdla and Horsetown fossils from exactly 
the same exposure. The rocks containing these fossils, however, are so 
intermingled and related to each other structurally that there can be no 
doubt that the fossils all belong to the same fauna. The valley of Cow 
creek is eroded out of a more or less modified synclinal of Cretaceous 
rocks. The older Aucella-bea.ring strata are upon the sides. The strata 
in which Horsetown forms are most abundant occur near the middle of 
the valley, in the immediate vicinity of Riddles, where Aucella also 
occurs. The whole set of strata appears to be conformable. 

The following forms have .been identified by Messrs White and Stan- 
ton in the collections made by Messrs Becker, Brown and the writer 
near Riddles, Oregon : 

Aucella concentrica, Fisher. Plcuromya laevigata, Whiteaves. 

Ammonites traskii, Gabb. Pecten operculiformis^ Gabb. 
" batesii, " " Califomicm y " 

" breweri, " Cardlta tranducidum y " 

Belemniies impremis, " Area bretveriana, " 

In northern California the writer has found Ammonites traskii and A. 

batesii in the lower half of the Horsetown beds only, A. brewcri in the 

upper half of the Horsetown beds, Pleuromya Lrvigata, Pcctcn opcrculi- 

formis and Belemnites throughout the Horsetown beds, and the last two, 

Cardita translucidvm and Area breiccriana, in both Shasta and Chico 

beds.f 



• Bull. Geol. Soc. Am., toI. 2, pp. 201-207. 

fMr Will Q. Brown, who, under the writer's supervision, mapped a large pi\rt of the Cretaceous 
rooks in Jackson and Douglas counties in Oregon, has recently made an important contribution 
of new evidence. A collection which he generously made and transmitted at his own expense shows 
Aucella and an Ammonite in the same hand specimen, so there can be no doubt concerning their 
association. Professor Hyatt has examined the specimen, and reports, December, 1892, that «• the 
Ammonites could by its external whorls be referred to either of the two groups Cosmoceras of the 
upper Jura or Hoplites of the Cretaceous. By digging into the specimen enough of one of the 
inner whorls was exposed to indicate that the A mmonites is one of the Crj/ptoeeras groups of Hoplites, 
and probably a true Cretacic species." Professor Hyatt adds that, as he has not yet been able to 
find any species of this group with an aperture, his opinion stated above is only provisional, but the 
evidence so far goes to show that one of the forms of Aucella occurs with a Cretaceous Ammonite*. 
The Ammonites, however, is very distinct from anything yet discovered in the Horsetown lieds else- 
where. It occurs in the basal portion of the beds which occupy Cow creek valley. 
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From both stratigraphic and paleontologic points of view, therefore, 
the evidence strongly supports the opinion that the Knoxville and Horse- 
town beds in northern California and Oregon are a successive and con- 
tinuous conformable series of sediments laid down without perceptible 
interruption. 

Since the Knoxville beds pass upward without interruption into the 
Horsetown beds and the latter in the same way grade into the Chico 
beds, we arrive at the conclusion contained in the first proposition of the 
thesis, namely : 

The Cretaceous strata of northern California and Oregon, embracing 
the Chico, Horsetown and Knoxville beds, or, in other words, the Chico 
and Shasta beds, are an essentially conformable and continuous series of 
sediments formed without a distinct interruption. For this series Mr 
Stanton and I have agreed to use the name Shasta-Chico series. 

Distribution and Composition of the Shasta-Chico Series. — The distribution 
of the Knoxville beds in the Coast range south of the fortieth parallel 
is described, so far as yet known, chiefly by Becker, Turner and Fair- 
banks in a number of papers.* They are well developed on Elder creek. 
If we place the upper limit so far up as to include all the AuceHaAyearmg 
strata, they extend, according to Fairbanks, as jar northward as Cold fork, 
Tehama county, near the Shasta county line. At that point the present 
writer has observed the Shasta group to rest unconformably upon the 
metamorphic rocks, and the unconformity is conspicuous. 

The Horsetown beds have been definitely recognized only a few miles 
south of the fortieth parallel, but in the opposite direction they have 
been traced a long distance. From Elder creek, where they conformably 
overlie the Knoxville beds, they extend northward far beyond the latter, 
unconformably overlapping the older metamorphic rocks, to Horsetown 
and Texas springs, nearly as far north as Redding. 

This overlapping is well shown in the Horsetown beds themselves. 
Ammonites ramosits and A. batesii were found on the South fork of Elder 
creek near Aueella and in conformable strata far beneath the latest strata 
containing Aueella. The writer has not found these ammonites to extend 
above the middle portion of the Horsetown beds. In the vicinity of Ono, 
on the North fork of Cottonwood, they are common near the uncon- 
formable contact between the Cretaceous and metamorphic rocks, but 
have not yet been discovered as far north so Horsetown, where only the 
upper members of the Horsetown beds occur. Ammonites hoffmanni and 
A. brewer i, which occur at Horsetown and farther southward just above 

*G. P. Becker: Bulletin 19, U. S. Geol. Survey; U. S. Geol. Survey Monograph xiii; and Bull. 
Geol. Soc. Am., vol. 2, pp. 201-208. 

W. H. Turner : Bull. Geol. Soc. Am., vol. 2, pp. 399-401. 

H. W. Fairbanks : American Geologist, vol. ix, p. 159, March, 1892; ib„ vol. xi, p. 69, February, 1893. 

XXXII-Buu.. Gkol. Soc. Am., Vol. 4, 1892. 
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the latest A, ramonia and A. botesii, belong to the upper half of the Horse- 
town beds and extend much farther northward in its series, overlapping 
the older metamorphic rocks. 

From the North fork of Cottonwood creek the Horsetown beds extend 
far westward, crossing the range between Yallo Bally and Bully Choop 
mountains along the Hay fork road, and an isolated fossiliferous area of 
them nearly five square miles in extent occupies Redding creek basin in 
Trinity county, at the northwestern base of the Bully Choop mountains. 
Everywhere beyond the limit of the Knoxville beds the Horsetown beds 
rest, with a marked unconformity, directly on the metamorphic rocks. 

The Chico beds have a wide distribution in southern California, and 
to the northward underlie the Sacramento valley, with outcrops on 
both sides. At Elder creek, on the western side of the valley, the Chico 
beds rest conformably on the Horsetown beds. They extend north- 
ward, holding the same relation to the Horsetown beds until near Red- 
ding, where the Horsetown beds run out and the Chico beds rest uncon- 
formably on the metamorphic rocks. This unconformable contact be- 
tween the Chico -beds and older metamorphic rocks, including at least 
Carboniferous, Triassic and Jurassic strata, has been traced around the 
northern end of the Sacramento valley, and, by way of the Great bend of 
Pit river, Mount Shasta, Henley and Ashland, far into Oregon. There is 
good reason for believing that the Chico beds which extend beneath the 
lavas of the southern portion of the Cascade range connect with those 
recognized on Crooked river, Oregon.* 

At a number of places in the Klamath mountains there are remnants 
of Cretaceous rocks in which these mountains were once enveloped, but 
this covering has nearly disappeared by erosion. To enter into the de- 
tails of their distribution would lead beyond the proper limits of this 
paper. Let it be sufficient to say that their distribution shows that the 
Klamath mountain region was almost, if not wholly, beneath the sea 
during the closing days of the Cretaceous.f 

On Elder creek, in Tehama county, California, the Chico, Horsetown 
and Knoxville beds are all present. The Knoxville beds extend from 
this place only a few miles to the northward ; the Horsetown beds ex- 
tend beyond them in that direction at least 25 miles, while the Chico 
beds stretch still further in the same direction far into Oregon. The Cre- 
taceous section thins out rapidly in the same direction by the successive 
dropping out of the earlier beds. On Elder creek the Cretaceous is ap- 
parently over 20,000 feet thick, at Ono 8,800 feet, and further northeast- 

• Bulletin 33, U. 8. Geol. Survey p. 19. , 

f Since the paper on the geology of Lassen peak was written (Eighth Ann. Rept. U. S. Geol. Sur- 
vey, p. 411,412) the subsidence has been found much greater than was at first supposed, so that the 
Cretaceous island may have wholly disappeared near the end of that period. 
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ward still less. In none of the sections, however, has the exact top of 
the Cretaceous been seen. Since these beds are all marine and form one 
continuous series of sediments, it follows, from their distribution, that 
during their period of deposition the sea was transgressing what is now 
the northern portion of California. 

That the sea was transgressing during the Cretaceous is clearly shown 
also by the character of the Cretaceous sediments. Before the deposition 
of the Shasta group the Klamath mountains, composed of Jurassic, Tri- 
assic and Paleozoic rocks, more or less metamorphosed, had been dry 
land, exposed to weathering for a sufficiently long time to allow the sec- 
ular disintegration of a mass of surface rock to form the residuary 
deposits which have become the sediments of the Shasta group. In 
some cases the deposits of the Shasta group bearing fossils rest upon 
the residuary deposits and rotten rock from which they were derived, 
and the line of contact is not easily recognized. This is the case on the 
southeastern border of the Klamath mountains, in Shasta county, Cali- 
fornia, between Ono and Igo, where micaceous sandstone at the base of 
the Shasta group so closely resembles the rotten diorite on which it rests 
that until the presence or absence of fossils is determined one is in doubt 
which rock he may be examining* 

Near at hand, too, by the present streams, there are coarse shore con- 
glomerates, including the gravels of the Cretaceous streams which flowed 
down from the Klamath mountains on the northwest into the ancient 
bay of the Sacramento valley, and one is surprised to find some evidence 
that the valleys of the embouching streams of early Cretaceous times 
are still occupied by streams. This may be true to a very limited 
extent, but it is noticeable in the upper tributaries of the North Fork of 
Cottonwood creek near Ono. 

From this point the Cretaceous rocks extend westward, and the later 
members of the series lap up over the Yallo Bally and Bully Choop 
ridge, the main divide of the Klamath mountains, crossing to the west- 
t ern slope, where they appear well characterized by fossils in Redding 
creek basin of Trinity county. In all cases the Cretaceous sediments 
immediately in contact with the metamorphic rocks are of local origin. 
When they are coarse the contact is plain and the unconformity so well 
pronounced as to be beyond question, but where the sediments are fine 
there may appear to be a gradual transition from the older metamorphic 
rocks to the Cretaceous. For reasons already given, however, I am fuljy 
convinced that in northern California and Oregon it is chiefly apparent 
and rarely if ever real.f It would be expected that the unconformable 

•See observations by Dr Dawson in Geol. Survey of Canada, Rept. of Progress, 1877-78, p. 106 B. 
He describes the same sort of phenomena at the bane of the Crotaceous on the Skagit 

t In cases where the Cretaceous strata have been metamorphosed a transition from tho unaltered 
to the altered portions without an intervening unconformity would be expected. 
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contact immediately underneath the Knoxville beds would be less con- 
spicuous than that between the Horsetown beds and the metamorphic 
rocks or between the Chico and the metamorphics. This would follow 
from the fact that the Knoxville beds, having been deeply buried by 
later sediments, were subjected to more intense metamorphic action, 
which tends to render the original contact less evident 

In Siskiyou county, California, upon the eastern slope of the Klamath 
(Scott) mountains, adjoining Shasta valley, there are a number of impor- 
tant exposures of Cretaceous rocks. Dr D. Ream, of Yreka, kindly fur- 
nished me a section of the rocks penetrated by Mr King's well at the salt 
works in Shasta valley, where over 500 feet of fossiliferous sandstone was 
observed beneath the lavas of Shasta valley. The same rocks are exposed 
at the surface near Yreka and on Willow creek, where they contain 
Chico fossils. On the edge of Shasta valley the Cretaceous strata dip 
to the eastward and lap up over the lower slopes of the Klamath (Scott) 
mountains, which lie upon its western border. The tilting evidently 
occurred at the time the Klamath mountains were upheaved, and the 
unconformably overlapping Cretaceous strata have since been nearly all 
eroded. A few conspicuous remnants, however, are still there to tell the 
tale. The best of these are at Cave rock, three miles north of Gazelle, 
and near the summit on the road from Yreka to Fort Jones. The last 
is at an elevation of 2,000 feet above Shasta valley and over 5,000 feet 
above the sea. The mass is about 400 feet in thickness, and the comrlom- 
erate at its base is composed chiefly of white quartz and unassorted angu- 
lar fragments of schistose rocks like those in place near by. Although 
fossils were not found at either of these localities, there can be scarcely a 
doubt that they represent the overlapping Cretaceous strata from the 
foot of the same slope. 

In Douglas county, Oregon, along Olalla creek, slates have been found 
containing Aucelki alone, and the rocks are considerably metamorphosed. 
At Buck mountain, a few miles further southeast and twelve miles west 
of Riddles, AnceUa occurs alone in coarse, pebbly sandstone, which has 
a slightly metamorphic aspect. This appearance, however, is due not 
so much to actual metamorphism since deposition as to the fact that the 
rock is composed chiefly of residuary material removed but a short dis- 
tance Irom its original position ; consequently its contact with the older 
metamorphic rocks is not sharply defined. The same is true at some 
localities, but not all, about Riddles, in the valley of Cow creek, where 
both Aucetta and Horsetown fossils occur in abundance. Still further 
eastward, on Grave creek, an area of Shasta beds occurs. Aucella is 
absent, and there are some Chico forms present, with those of the Shasta 
group, so that the horizon must be near the top of that group. These 
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fossiliferous strata are in part coarse conglomerates of local origin and, 
according to the observations of Will Q. Brown, as well as of the writer, 
are clearly unconformable to the metamorphic rocks. 

Twelve miles further in an easterly direction, near Jacksonville, and 
elsewhere in Jackson county, Oregon, the Chico rocks, now called Horse- 
town by Mr Stanton, rest directly with a marked unconformity on the 
metamorphics. 

In Oregon, therefore, the evidence, although less complete, is entirely 
in harmony with that of northern California, and we are led to the con- 
clusion stated in the second proposition of the thesis, namely : While 
the Shasta-Chico series was being deposited the region was gradually 
subsiding and the sea transgressing to the eastward in northern Cali- 
fornia and Oregon. This subsidence continued until the sea reached the 
western base of the Sierra Nevada, near the fortieth parallel, and all or 
nearly allHhat part of California north, northwest and west of Lassen 
peak, as well as almost the whole of Oregon, was beneath its waters. 

The occurrence of the Cretaceous in Washington, excepting that on 
Sucia, Orcas and Ship Jack islands, near Vancouver, has hitherto been a 
matter of considerable doubt. Its determination has been based largely 
upon certain casts which were supposed to have been of Bamlites. Ac- 
cording to Willis,* the Cretaceous of northwestern Washington is com- 
paratively thin and rests directly on metamorphic rocks, which are pre- 
Cretaceous and probably of Paleozoic age. 

While in Seattle I obtained from Mr E. W. P. Guye a well-preserved 
Baculiie, which Mr Stanton determined as Baculites chicoensis. It was ob- 
tained on the Snoqualmie river, three miles below the falls, and shows 
the presence of the Chico at that point. The rock is unaltered and lies 
between the Puget group and the metamorphics. 

At the same time my attention was*called to a bowlder found in Seattle ; 
it is composed chiefly of Aucella and was in all probability transported 
from the Cascade range. The rock is unaltered and closely resembles 
some of the Aitcella-be&Tmg rock about Riddles. 

In the collection of Professor T. Condon at the state university, Eu- 
gene, Oregon, there is a large fragment of rock f containing a multitude of 
robust shells of Aucella. It came from Vashon island, near Tacoma. 

Dr Dawson J reports Aucella-bc&r'mg rocks on the Skagit north of the 
international boundary. It is believed that they extend south into Wash- 
ington and have furnished the bowlders referred to. 

There can be no doubt that the Shasta-Chico scries is represented in 

* Tenth Census, vol. xv, 1886, p. 761. 

fThis is probably the same material that Becker and White refer to in U. 8. Geol. Survey 
Monograph xiii, pp. 202, 232. 
X Geoi. Survey of Canada, Report of Progress, 1877-78, p. 106 B. 
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the Pugct sound region, but of its extent scarcely anything is known. 
Further northward, however, the same series is extensively developed in 
Vancouver and Queen Charlotte islands, as well as within the interior 
portion of British Columbia, where it has been described by Dr Selwyn , 
Dr Dawson, and Mr Richardson jin the reports of the Canadian geologic 
survey. From an extensive knowledge of the facts, Dr Dawson concludes 
that in early Cretaceous times the immediately post-Triassic elevation 
had been followed by a subsidence of the land, resulting in the reoccu- 
pation by the open sea of a great area near the Pacific coast and north 
of the fifty-fourth parallel, spreading eastward in a more or less connected 
manner completely across the present position of the Cordilleras. The 
Gold ranges, and probably also many other insular areas, continued to 
exist as dry land. As local terrestrial conditions are recurrent through- 
out a great thickness of strata, it is obvious that the subsidence was 
continuous or nearly so and was followed pari passu by sedimentation. 
Dr Dawson says : 

" About the stage in the Cretaceous which is represented by the Dakota group, 
however, a much more rapid downward movement of the land occurred. This is 
marked by the occurrence of massive conglomerates, which have been recognized 
in many places in the southern part of the interior of British Columbia, as well as 
westward to the Queen Charlotte islands.'* * 

Dr Dawson calls attention to the fact that west of the axis of the 
Coast ranges the area of Cretaceous sedimentation was transgressively 
extending southward, the local base of the Cretaceous being found at suc- 
cessively higher stages in the system in that direction, till at a time, which 
is believed to have corresponded w r ith the Laramie of the plains, the sea 
invaded the Puget sound region. The invasion of the sea in British 
Columbia was contemporaneous with that of northern California and 
Oregon just described, and possibl^ also with that which carried Ancella 
around the southern end of the land barrier into Mexico.f 

Tertiary. 

The Tejon beds are now generally regarded as representing the earliest 
Tertiary deposits of California and Oregon. In middle California these 
beds are well represented. They are not only conformable with the Chico, 
but have been considered to form, with the Chico, a continuous series of 
strata, deposited without any interruption in the process of sedimenta- 
tion. This is unusual, for generally a faunal and stratigraphic break 
occurs between the Cretaceous and Tertiary. 



• Am. Jour. Sci., 3d ser., vol. xxxviii, 1889, p. 120; Transactions of the Royal Society of Canada, 
vol. viii, sect, iv, 1890, pp. 8, 9. See also S. F. Emmons, Bull. Geol. Soc. Am., vol. 1, p. 278. 
f Nuues Jarb. fur Min., Geol. u. Pal., 1890, ii bund, p. 273. 
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Lindgren has recognized the Tejon in the Sacramento valley as far 
northward as Marysville buttes * In the Coast range Whitney, on Gabb's 
observation, reports the Tejon nearly as far northward as Round valley, 
Mendocino county.* Similar coal-bearing strata containing fossil leaves 
have been observed by the present writer at Hyampome, Cox's bar and 
Redding creek basin, in Humboldt and Trinity counties, but the evidence 
that these strata are really Tejon is not convincing ; they are rather more 
probably Miocene. With the exception of the locality at Marysville 
buttes, no molluscan fossils of Tejon age have been found in northern 
California, and it has generally been regarded as absent. 

In Oregon, however, the case is very different. The Tejon, well char- 
acterized by an abundance of marine fossils, is represented by at least 
2,000 feet of strata. Professor Condon has reported it at Cape Arago by 
Coos bay, and at Albany. Dr C. A. White has recognized it at Astoria, 
where it has since been studied by Dr W. H. Dall. Professor Condon called 
my attention by letter to an excellent exposure of fossiliferous Eocene on 
the South fork of the north Umpqua, where Mr Will Q. Brown and the 
writer have made several collections. At least 1,000 feet of Eocene strata 
are there exposed. They contain throughout abundant shells of Cardita 
planwosta, with other fossils, and rest directly upon an irregular surface 
of metamorphic rocks. From this point the Eocene beds have been 
traced southwestward nearly to Coos bay, and fossils have been collected 
at Cleveland, Lookingglass, Olalla and Table mountain. At the last two 
localities they rest on the upturned edges of the Shasta-Chico series. 
The unconformity at the base of the Tejon group in Douglas county, 
Oregon, is in some cases conspicuous and in all cases well defined, 
and it appears that the Shasta-Chico series was not only folded but 
considerably eroded before the beginning of deposition of the Tejon, in 
that region. 

With such a physical break, faunal continuity between the Chico and 
the Tejon of Oregon could hardly be expected ; but, to test this point as 
far as possible with the collections now at hand, I requested Mr Stanton 
to carefully examine the collections of Tejon from Oregon and Washing- 
ton for Chico species. In response Mr Stanton sentjists of all the species 
collected at a number of localities, and remarks :f 

" You will notice that there are a few species among them that have been re- 
ported from both the Chico and the Tejon. For example, Pholadomya nasuta, Cy- 
lichna codetta and Turritella chicoenm. There are also some others that closely re- 
semble Chico species, but which I believe to be distinct, such as Maclra ashburncri 
and DeniaUum stramineum. We have the two species last named from Chico locali- 
ties, and, on direct comparison with the related Tejon forms, there is no difficulty 



*Geol. Survey of Cal., Pal., vol. ii, p. ariii. 
t January 9, 1893. 
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in pointing out recognizable differences. None of the other doubtful species are 

represented in any of our collections from Chico localities. 

" It is therefore safe to say that your collections do not show any commingling • 

of the Chico and Tejon faunas, and I may add that, so far as I have examined them,'-' 

none of the other collections in the National Museum show such blending." * , 

». 
All of the facts vet known indicate that in Oregon and northern Call 

fornia there is a faunal and stratigraphic break between the Chico and 

the Tejon. 

Phk-Cretaceous Elevation of the Klamath Mountains and Sierra 

Nevada. 

The existence of a large land area in northwestern California and south- 
western Oregon in early Cretaceous times is clearly indicated by the com- 
position and distribution of the Cretaceous rocks of that region. The 
geologic date of the uplift must have been considerably earlier than the 
beginning of the Shasta-Chico epoch in order to allow the secular disin- 
tegration of the surface rocks to furnish the Cretaceous sediments for the 
invading sea. 

Since the writer's paper on the geology of the Taylorville region was 
published, our knowledge of the distribution of the Jura-Trias and Car- 
boniferous in northern California has been considerably extended, and, 
as this distribution has an important bearing on portions of this paper, 
it is necessary to record it here. 

A large number of fossils were collected by the \£riter and James Storrs 
on and near Pit river by the western arm of the Great bend, and at many 
places near Cedar creek and Halcombs, on the toll and stage roads be- 
tween Redding and Burney valley. The areal geologic work done at that 
time is shown in the Bend and Cedar formations in the northwestern 
corner of the Lassen peak atlas sheet, a preliminary edition of which 
is now in proof. The fossils were all examined by Professor A. Hyatt, 
and in the descriptive text accompanying that sheet his conclusions con- 
cerning the age of the rocks are stated. Both the Jurassic and Triassic 
of the Taylorville region are well represented in Pit river valley and add 
another strong argument, showing that the Klamath mountains of north- 
western California are composed in large part of the same rocks as the 
Sierra Nevada, f 

Along the western side of the Sacramento valley, near the basin on 
the Humboldt trail eight miles west of Pettyjohns, in Tehama county, 

* Almost thirty species have been identified from the Tejon of Oregon and Washington. 

f Mr Harold W. Fairbanks, who has published an article entitled " The pre-Cretaeeous Age of the 
Metamorphic Rocks of the California Coast Range" (Am. Geologist for March, 1802, vol. ix, pp, 
l&J-lfif,; also for Feb., 1893, vol. xi. pp, 69-84), kindly called my attention to a number of new locali- 
ties in the Pit river region from which he had recently collected fossils. 
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fossils were found in a limestone. Mr Walcott, who e 
for me, reported that only one genus, viz, t'ltieteles, could l 
and from what is known of the rocks of that region he refi 
stone to the Carboniferous. This horizon had long been 
'.her northward, near Bass' ranch, through the investigatic 
.ind Whitney. 

Pentagonal and round crinoid stems have been discovers 
Storrs in a limestone on Clear creek between Horsetown 
Springs. Professor Hyatt regards them as Triassic and prol 
same horizon as the Hosselkus limestone. 

At Texas Springs Mr Storrs found a limestone containing 
tagonal crinoid stem, a spirifer and other brachiopods whi> 
Hyatt regards as belonging within the Jura-Trias. The 
upon which the Cretaceous strata of the western and nortl 
of the Sacramento valley at the Pit river region rest with a 
unconformity, are at least in part Jurassic, Triassic and Ct 
in age. 

As bearing upon the general distribution of the TaylorvilL 
collection of fossils made by Professor Condon on the upp 
Crooked river, in the Blue mountains of Oregon, deserves m 
lithologic character and fossils Professor Condon's speciine: 
to the writer to very closely resemble the Jurassic rocks of 
Professor Condon kindly loaned the specimens to be sent 
Hyatt, who confirmed this view and established anothei 
locality of Taylorville Jurassic. 

The discovery of Jurassic fossils on Pit river synchronous 
tical with that of Taylorville has thrown new light on the pit 
elevation of the Klamath mountains and the Sierra Nevada 
ing some of these fossils Professor Hyatt says* they " inclu 
association of forms as the Mormon sandstone fauna, and, a 
specimens are not all well preserved, I have little doubt th: 
from which they came were synchronous with the Mormon s 
Taylorville." 

These Jurassic rocks were deformed and metamorphose 
Triassic, Carboniferous and other portions of the aurife 
They arc separated from the unaltered Cretaceous (Shasta-( 
of that district by a conspicuous unconformity. The same ui 
extends south westward, by way of Redding, Horsetown and 
the western side of the Sacramento valley, into Tehama com 
nia, and northward, by way of Yreka, Cottonwood creek ar 
far into Oregon. It is evident, therefore, that a great upheav 
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amorphism of the Klamath mountains and Sierra Nevada occurred soon 
after the close of the Taylorville Jurassic. 

How long a time interval is represented by the great unconformity 
between the Taylorville Jurassic and the Shasta-Chico series is not yet 
known, but that the upheaval took place in the earlier part of the inter- 
val is most probable. 

The relation of the Mariposa beds to the Taylorville Jurassic, on the 
one hand, and to the Shasta-Chico series, on the other, is yet a matter of 
doubt, but will soon be resolved by Mr Becker and his assistants, Messrs 
Turner and Lindgren, who are now making a thorough survey of the 
Gold belt of the Sierra Nevada. It is already evident from the researches 
of Mr Becker and Dr White that the faunas of the Mariposa and Knox- 
ville beds are closely related, and on this account the great faunal and 
stratigraphic break corresponding to the great unconformity between 
Shasta-Chico series and the Taylorville Jurassic on Pit river might be 
expected at the base of the Mariposa beds. That an upheaval occurred 
at the close of the Jurassic of Taylorville is indicated by the distribution 
of Aucella in northern California and Oregon. Accordingly the disturb- 
ance in the Mariposa beds would have to be referred* to a later epoch, 
either within the AuceUa-be&v'mg series or to the close of the Chico or 
Miocene. 

Inter-Cretaceous-Tertiauy Upheaval of the Klamath Mountains. 

The lower portion of the Shasta-Chico series is in general more dis- 
turbed than the upper or Chico portion. This is due to various causes, 
the principal of which is to be found in the fact that, as now exposed, 
the Shasta beds are nearer the centers of disturbance than the Chico. 
The Chico has been removed from the disturbed areas by erosion. 

On the western side of the Sacramento valley, along Elder creek, 
where the Shasta-Chico series is exposed, the whole series is tilted, but 
the Shasta beds in the western portion toward the Coast range are some- 
what more disturbed than the Chico beds in the eastern portion ; yet 
the difference is not great and the change so gradual through a number 
of miles of well-exposed strata that we looked in vain for any break in 
the stratigraphy or fauna. 

The character of the strata had much to do in determining the amount 
of deformation. The shales of the Shasta-Chico series are generally more 
deformed than the sandstones and conglomerates of the same locality, 
because less rigid. They predominate in the lower portion of the Shasta- 



*See paper by Mr S. F. Emmons "On Orographic Movements in the Rocky Mountains," Bull. 
Geol. Soc. Am., vol. 1, p. 279. 
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Chico series, and were deeply buried beneath the Chico. As a conse- 
quence they were subjected to the more rigorous action of deforming 
forces. The Shasta-Chico series in northern California and Oregon is 
rarely vertical, and from that angle the dip ranges to nearly horizontal. 
The gentlest inclinations are in the Chico on the western side and around 
the northern end of the Sacramento valley, and always miles away from 
the disturbed lower portions of the*same series. 

The geologic date of the disturbance next succeeding the pre-Cretaceous 
one just referred to is well marked in Oregon, where, as already described, 
the Tejon is unconformable upon the Shasta-Chico series. Near the 
unconformable contact the Tejon is not folded, so that the deformation 
of the Shasta-Chico series, which is conspicuous in that region, took 
place before the deposition of the Tejon, or about the close of the Cre- 
taceous. That this deformation was accompanied by upheaval is shown 
by the absence of Tejon in northern California and part of Oregon. 

This deformation and upheaval appear to have been of great extent 
to the northward, for the Cretaceous sea which once covered part of 
Oregon, Washington and a large portion of British Columbia was 
driven westward by it, in some cases beyond the present limit of the 
continent; and about this time, according to King, the Wasacht range 
was uplifted * 

Resume and Conclusions. 

The observations of Dr W. H. Dall have shown that the Wallala beds 
are a phase of the Chico and belong near the base of those beds, essen- 
tially in the position assigned to them by Dr White. 

The Chico and Horsetown beds, which were once supposed to be sep- 
arated by a long interval, are now known to be stratigraphically and 
faunally continuous, and are the result of an uninterrupted epoch of 
sedimentation. 

In the same way the Horsetown and Knoxville, which together form 
the Shasta beds, are shown to be stratigraphically and faunally contin- 



*The date of the deformation of the Mariposa beds must yet be regarded as an open question. 
If, as argued by Mr Becker, later by Mr Fairbanks, and finally by Messrs Turner and Lindgren, 
who have mapped the region, the Mariposa beds are unconformably beneath the Chico, their 
deformation would appear to have antedated the deposition of the Shasta-Chico series, for in the 
group of strata including the Mariposa, Knoxville, Horsetown and Chico beds the argument for 
faunal and stratigraphie continuity is weakest between the Mariposa and Knoxville beds. The 
faunal relation of the Mariposa and Knoxville beds, however, is so close, according to Mr Becker, 
as not to admit of a great physical break between them. If one exists it is possibly local and of 
limited extent. This might still be in accord with the facts observed in northern California and 
Oregon, where no break has yet been observed within the duceita-hearing rocks. 

Numerous observers have called attention to the great mountain-forming epoch about the close 
of the Miocene. During that revolution the Klamath mountains and the Sierra Nevada were 
modified to a large extent. The geologic history referred to in this paper wholly precedes that 
disturbance. 
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nous, and it follows that the Shasta-Chico series is the result of contin- 
uous sedimentation. 

The distribution of the members of the Shasta-Chico series and the 
composition of those in contact with the older rocks, on which they rest 
unconformably, showy that during their deposition the northern parte 
of California and Oregon were gradually subsiding and the sea trans- 
gressing. 

In Oregon the Tejon rests upon the Shasta-Chico series unconformably, 
and the paleontologic evidence, so far as it goes, tends to show that there 
is a faunal break in that region between the Chico and the Tejon. 

At the close of the Taylorville Jurassic there was an upheaval, by 
which the Klamath mountains and the northern end of the Sierra 
Nevada were outlined and the land extended far northwestward into 
the Pacific. 

This upheaval was followed after a considerable interval by a sub- 
sidence, which brought in Amelia from the northwest and inaugurated 
the Shasta-Chico series. 

In northern California and Oregon the subsidence continued through- 
out that series, unless interrupted between the Mariposa and Knoxville 
epochs, and was brought to a close by another mountain-forming 
upheaval, which forced the sea far to the westward before the begin- 
ning of the Tejon. 

U. S. Geological Survey, 

Wasliinglun, D. C 
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the road to Callahan's, about thirteen miles southwest of Ga- 
zelle, and. also near Oro Fino in Scott Valley, fossiliferous lime- 
stone occurs with Pentacrinus and appears to be Triassic. 

The Devonian limestone four to six miles northeast of Castle 
Crag, is a veritable coral reef about 60 feet in thickness. It 
overlies a great mass of dark shales which are apparently older 
than any of the rocks exposed near Gazelle. This view is sus- 
tained by Mr. Schuchert who gives paleontological evidence to 
show that the fossiliferous rocks of Kennet, Hazel and Soda 
Creeks belong to a lower horizon in the Devonian than those 
of Gazelle. The slates, overlying the limestones are much less 
crystalline than near Gazelle and no eruptives were noticed in 
the immediate vicinity. These rocks, as well as those near 
Gazelle, were formerly supposed to be Carboniferous.* 

There are two outcrops of Devonian limestone on Hazel 
Creek about four and five miles respectively east of Southern's. 
They have a number of fossils in common and probably ex- 
posed the same limestone. It overlies a large mass of black 
i slate and dips easterly beneath the Carboniferous, which con- 

| tains fossils on Tom Dow's Creek* The strike of the Carbon- 

! iferous at that point is east of north, dipping towards the 

southeast and probably connects with the well known locality 
of Grizzly Peak about fourteen miles further to the northeast. 
According to Mr. Storrs, who collected the fossils on Hazel 
Creek, the dip of the limestone is easterly and overlies a great 
mass of black slate. Its strike is a little east of north, con- 
necting it directly with that of the same horizon on Soda 
Creek as well as that near Kennet further southward. 

Three miles west of Kennet, a mile beyond Mr. Mateon's 
lime kiln at a locality discovered by Mr. Fairbanks,! the lime- 
stone in places is composed almost wholly of branching corals 
and is in reality a coral reef about 50 feet in thickness. It is 
much warped but generally dips to the eastward beneath the 
Carboniferous which occurs along the McCloud River. 

The region directly westward of the great bend of Pitt 
River has yielded many* fossils belonging to the Jurassic, Tri- 
assic, Carboniferous and Devonian systems. All of which are 
arranged in successive belts increasing in age westward in the 
Klamath Mountains, indicating the presence of rocks of still 
greater age about the central portion of that mass. The gen- 
eral strike of the Devonian rocks from near Kennet is about 
north 18° east, which is in line with the outcrop of Hazel 
Creek and Soda Creek, over thirty miles away. If they are 
really continuous for this distance as appears probable it sug- 
gests as previously urged by the writer that the axis of folding 
joins the Klamath Mountains to the Coast Range rather than 
to the Sierra Nevada. j. s. d. 

*U. S. Geological Survey, Bull. 33, p. 11. 

f Eleventh report of the State Mineralogist of Calif., p. 48. 
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Notes on the fossils. 

Favosites canadensis, Cladopora labiosa, C. acupicta, and 
Syringopora maclurii, are characteristic forms of the great 
coral reef of the Corniferous limestone, as developed in eastern 
North America. The material from the Shasta county locali- 
ties agrees closely with the descriptions of these species, and 
the identifications, therefore, are regarded as fairly accurate. 
Associated with these fossils are a number of other corals, 
which could not be identified specifically, however, since some 
are new and of others the material is not well preserved. 
These corals are given in the first five columns of the annexed 
list. 

The Alveolites provisionally referred to A. minimus Davis, 
is represented in Nevada by A. multilameUa Meek.* The 
corallites in the California specimens are quite tortuous, and 
have thinner walls, thus differing distinctly from Meek's 
species. Externally the present specimens agree with the 
figures of A. minimus, but, no positive identification can be 
made as Davisf gives no description of any of his species and 
usually no figures of their internal structure. . 

Acervularia pentagona Goldfuss, sp., as identified by Meek, J 
occurs at u Treasure Hill, Nevada, in silver bearing Devonian 
Beds." The California specimens are found in masses six 
inches in diameter, and appear to have a somewhat larger num- 
ber of septa than the Nevada form. These differences, how- 
ever, are not sufficient for specific separation. All the other 
known species of American Acervularia have larger corallites 
than A. pentagona. 

The California examples of DiphyphyUum fasdculum 
Meek,§ agree fairly with the Nevada specimens from " Argyle 
and Treasure Hills, White Pine Mining District." A closely 
related form, with fewer and not so closely approximating 
corallites, also occurs at localities 2 and 3. Meek has united 
these in his 1). fasdculum. 

The Endophyllum occurring near Gazelle is interesting 
since it is the first known occurrence of this genus in America. 
It differs chiefly from E. botoerbanki and E. abditum Edwards 
and Haime,|| of the Devonian of Devonshire, in having much 
smaller corallites. 

A form of Gypidula from the same locality may prove to 
be the same as Pentame?ws comis or P. lotis Walcott,! occur- 

* Op. cit., p. 25, PI. II, figs. 7-7b. 

f Kentucky Fossil Corals; Kentucky Geol. Survey Reports, 1885. 
t Geol. Bxpl. 40th Paral.. vol. iv, 1877, p. 31. PI. II, figs. 5, 5a. 
§ Op. cit., p. 29, PL II, figs. 4-4b. 

Mono. British Fossil Corals. Pt. IV, p. 233, 1853. 

Mono, viii, U. S. Geol. Survey, pp. 159-161, 1884. 
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List of sptcies known to occur in the Devonian of California, 

( Shasta County. ) 

12 3 4 5 6 

Diphyphyllum y sp. undet., or Syringopora. .. x 

" fasciculum Meek ? ? .. x 

Acervularia pentagona (Goldf uss) Meek x 

" sp. undet. x 

Endophyllum* n. ap. . . . x 

Cladopora acupicta Davis 1 x 

•' labiosa Billmgs x .. _. x 

Alveolites cfr. minimus Davis? x _. x .. x 

Syringopora Maclurii Billings x 

MoiUictUipora, species No. 1 x .. .. x 

11 '• No. 2 x 

Leptotrypa x 

Gypidula cfr. comis Owen, and G. lotis 

Walcott x 

Conch idiumt A small strongly plicated 

form x 

Terebratuloid cfr. Newberria »_ x 

Loxonema cfr. delphieola Hall x 

44 or Murchisonia x 

Murehisonia .. .. .. x 

BeUerophon, much like the Russian B. sep- 

teniirionalis Tschernyschew, but may 

be a young specimen of B. perplexa 

Walcott x 

Mytilarca sp. undet x 

Orthoceras x 

Large crinoid columns x x x 

9 4 4 6 3 17 

C. S. 
U. a Geol. Survey, Washington, D. C, March 14, 1894 
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by which the level is determined, and gradually spreads inland 
toward the principal divides. Under similar conditions the 
shales and limestones wear away more rapidly than the coarser 
sediments and crystalline rocks, and local baselevels appear for 
a time determined by the harder rocks. But these are all oblit 
erated in a general baselevel when it is completely developed. 
The land is so unsteady that it rarely, if ever, remains without 
elevation or depression long enough for the complete develop- 
ment of a baselevel of erosion. It commonly happens, however, 
that the large masses of harder rocks upon the slopes of the 
principal divides form independent elevations in the plain which 
may be more or less distinctly defined upon the softer rocks. 
The topography of the region is then essentially a peneplain. 

It is evident that a general baselevel of erosion must have 
originated approximately at sea level. This is the only position 
in which a very extensive baselevel of erosion can originate. If 
we now find such a baselevel at considerable elevation above the 
sea, its position furnishes evidence that since the baselevel was 
formed the country has been uplifted in the process of mountain 
building. 

Upon our Atlantic slope, ancient baselevels of erosion are 
well developed in the Piedmont region and elsewhere at consid- 
erable altitudes above the sea, as shown by Davis, McGee, Wil- 
lis, Hayes, and Campbell. The ancient mountains have been 
swept away, and the modern mountains, at least in large part, 
are the result of later upheavals. Similar changes have taken 
place on the Pacific slope'. Russell found in the St. Elias range, 
at an elevation of over 5,000 feet, shells of marine mollusks still 
living along the Pacific coast, showing that the great mountain 
range had been uplifted in very late geologic time. So, also, the 
Sierra Nevada and Coast ranges, and to some extent the Cascade 
range, now such prominent features of the Pacific coast, have 
been upheaved to their present great height, and deep canons cut 
upon their slopes in the later geologic ages. At an earlier epoch 
the whole country was comparatively low and near sea level, or, 
in other words, near its baselevel of erosion. The mountain 
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and more durable metamorphic rocks of the Klamath Mountains. 
Excellent views of this plain may be obtained from the Red 
Bluff and Hayfork stage road, five miles northwest of Hunter's 
postoffice, and from the mountain roads and trails leading west- 
ward from Stephenson's, Miller's, Lowrey's, and Paskenta, in 
Tehama county. 

In the Klamath Mountains, — The plain already noted lies at 
the southeastern base of the Klamath Mountains, and passes by 
gradual and rapid transition into the steeper slopes of the moun- 
tains in such a way as to indicate that the plain may have once ex- 
tended across the region now occupied by the Klamath Mountains. 
Within that group the plain has been recognized thirty miles 
southeast of Humboldt bay, about Shower's pass, at an altitude 
of nearly 4,000 feet, and a little farther east, in the even crest of 
South Fork Mountain, at an altitude of 6,000 feet. Major J. W. 
Powell informs me that he has observed a deformed baselevel in 
the Coast Range north of San Francisco. It will doubtless yet 
be found at many points, but on account of the great deforma- 
tion which has taken place in the Klamath Mountains and Coast 
Range since the baselevel was formed, it is difficult to trace. 

On the western slope of the Sierra Nevada. — The baselevel we 
have followed from Elder creek to Pit river was evidently deter- 
mined by a body of water occupying the Sacramento valley, and 
traces of a corresponding level might be expected along the 
opposite shore about the Sierra Nevada. 

The western slope of that range may be briefly described as 
an inclined plane, interrupted only by the narrow canons of the 
present streams. Professor J. D. Whitney graphically portrayed 
the region as follows : "To one standing on some point, not too 
elevated, but from which a good view of the surface of the coun- 
try along the flanks of the Sierra may be had, its slope will 
appear to be quite uniform and unbroken to one looking along a 
line parallel with the general trend of the range. It will seem, 
provided the point of view be favorably selected, as if the whole 
region was a gently descending plain, sloping down to the Great 
valley at an angle of not more than two or three degrees. And 
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This uniformity of gentle slope is enhanced in some cases, 
especially in the region of the American and Yuba rivers, by the 
broad, flat-topped lava flows which occupy the divides between 
the canons. Sometimes it appears that the volcanics are thin, 
while at other places, according to Whitney their thickness is 
very large, quite often reaching , 400 or 500 feet, and occa- 
sionally much exceeding that amount. The plain, however, is 
not limited to the areas occupied by volcanic rocks, but has a 
wide distribution over areas of closely folded auriferous slates, 
and cannot be attributed to the constructive effects of volcanic 
eruptions. 

Mr. Gilbert was the first to call attention to the fact that this 
uniform surface is due to erosion upon a system of plicated strata, 
and " could only have been accomplished by streams flowing at 
a low angle, ,,x in other words, the plain must have originated 
essentially as a baselevel of erosion. 

Judging from the topographic maps recently prepared for 
the geological work in the gold belt, as well as from the obser- 
vations of Whitney," Petty," Goodyear, 8 Lindgren, 3 Turner, and 
myself, it appears that the inclined plateau which now forms the 
western slope of the Sierra Nevada was originally not worn 
down to so complete a plain as that already described upon the 
western side of the valley. 

Mr. Lindgren (1. c.) says, "that the Sierra Nevada, before 
the accumulation of the gravels began, was a mountain range 
greatly worn down by erosion, but not reduced to a baselevel of 
erosion. It cannot even, on the whole, be regarded as a pene- 
plain, above which isolated and more resistant hills projected. 
The declivities and irregularities of the old surface are too con- 
siderable for that, nor are the projecting hills invariably com- 
posed of the hardest rock-masses." 

While some of the irregularities now recognized in the old 
plain upon the western slope of the range are due, as urged by 

'Science, Vol. I, p. 195, March 23, 1883. 

'Auriferous Gravels of the Sierra Nevada of California. 

s Two Neocene Rivers of California. Bull. Geol. Soc. of America, Vol. 4, p. 298. 
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influenced by it in their distribution. Only two of these, the 
middle and the lower, need here be considered. The middle 
formation is a tuff which has already been called the Tuscan 
tuff. Below the Tuscan tuff and above the Cretaceous are grav- 
els, sands, and clays, which apparently occupy the exact taxo- 
nomic position of the lone formation of Becker, Lindgren,* and 
Turner, and may therefore be appropriately designated by the 
same name. 

Tuscan tuff. — The Tuscan tuff is composed wholly of volcanic 
material. It will be considered first, for the reason that it 
can be most easily identified in different localities, and can be 
used to great advantage as a reference plane in considering the 
lone. 

On the western border of the Sacramento valley the most 
southern exposure yet observed is on Thomes creek, four miles 
east of Paskenta. From this point it has been traced with vary- 
ing thickness for fifty miles across all the streams, cutting the 
eastern margin of the baselevel from Elder creek to Redding. 
It continues, with interruptions, around the northern end of the 
Sacramento valley to the thick deposits of similar material in the 
Lassen Peak region. It thins out to the westward and laps over 
on the baselevel in such a way as to indicate that the baselevel 
was formed before the great volcanic eruption which gave birth 
to the tuff. 

lone formation. — Beneath the Tuscan formation lies the lone, 
which rests upon the upturned and eroded edges of the Creta 
ceous (Shasta-Chico) strata with conspicuous unconformity. In 
the Bald Hills region, northeast of Paskenta, it is composed of 
clay, and thins out rapidly to the westward against the edge of 
the baselevel. Farther northward the formation thickens some- 
what, and contains much gravel, but everywhere it thins out rap- 
idly to the edge of the baselevel. In the Lassen Peak region, 
beneath the lava, it has its greatest development, and is many 
hundreds of feet in thickness. To the northeastward it borders 

'Geological Atlas of the United States. Text accompanying the Sacramento 
sheet. 
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Tertiary period, that is, that they have been forming since the 
beginning of that epoch. 1 . . . The evidence of the geological 
age of the gravel deposits afforded by the plants found in the 
sedimentary beds underlying the latest eruptive masses in the 
mining region of the Sierra has already been discussed by Mr. 
Lesquereux. He distinctly recognizes the presence in this flora 
of forms identical with or closely allied to those of the Miocene; 
but still calls the age of the group Pliocene. Something of the 
same kind seems to be legitimately inferred from the animal 
forms of the same deposits. There are certain fossils which have 
been found only in deep-lying gravels like those of Douglas 
Flat and Chili Gulch. No traces of the rhinoceros, the elothe- 
rium or the small equine animal referred with doubt by Leidy 
to Merychippus have ever been found in deposits which could 
by any possibility be proved to be more recent than the basaltic 
overflow. It is true that the evidence thus far collected is but 
fragmentary. Still, taking it for what it is worth, it may be said 
that the affinities of these animals found in these lower deposits 
would indicate a Miocene rather than a Pliocene age. There 
are also, it is believed, stratigraphical reasons for admitting 
that some at least of the deposits containing these older fossils 
may be proved by other than palaeontological evidence to belong 
to an older series than those strata which, though anterior to the 
basalts, yet contain a fauna decidedly mere Pliocene than Mio- 
cene in character/ ' 

A collection of plants made from the older auriferous gravels 
upon the northern end of the Sierra Nevada was examined by 
Professor Lesquereux, who reported that their relation is evi- 
dently to the Miocene (U. S. Geological Survey, Eighth Annual 
Report, p. 419). Professor L. F. Ward, who examined the same 
collection, agreed that they were Miocene, most likely upper 
Miocene. 

Recently the evidence afforded by the plant remains has been 

* By the Geological Survey of California the Tejon was regarded as Cretaceous. 
Palaeontology, Vol. 2, p. xiii. It is now regarded as Eocene, and in Oregon lies uncon- 
formably on the Shasta-Chico series. 
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or fir, such as constitute the prevailing arboreal vegetation of 
that region to-day was recognized in the collections. 

In answer to a question concerning the climatic conditions 
of that region during the Miocene, as indicated by this flora, 
Professor Lesquereux stated that "by the presence of a large 
number of Laurineae the flora becomes related in its general 
characters to that of a region analogous in atmospheric circum- 
stances to Florida." With this view Professor Lester F. Ward 
fully agrees, and also Mr. F. H. Knowlton, who has lately given 
much attention to the flora of the auriferous gravels. 

Mr. Knowlton, says "Lesquereux, as already stated, argued 
that the presence of a large number of lauraceous plants indi- 
cated a region analogous in atmospheric circumstances to Florida. 
From my own studies, which embrace a much larger amount of 
material than Lesquereux had, I am not only prepared to accept 
this statement but to show that it was even stronger than he 
could have made it out/' 

Florida is a comparatively low country, rising nowhere more 
than a few hundred feet above the sea, and it is reasonable to 
infer that during the early gravel period northern California, 
which was then analogous in atmospheric circumstances to 
Florida, could not have been a region of high snow-tipped 
mountains as it is to-day. 

It is well known that during the Miocene tropical conditions 
extended much farther north than now, and under such circum- 
stances it is possible that certain forms of plants may have had 
considerably greater range in altitude than their relatives in 
California have to-day. 

No doubt the Sierra Nevada existed at that time, but was a 
very low range, at least in the northern portion, as compared 
with its present altitude. Yet it was high enough to supply the 
alder, birch, poplar, and willows, as well as the few pine leaves 
lately found by Mr. Turner. 1 

The evidence afforded by the flora of the region is in com- 
plete harmony with the inference drawn from the topographic 

'Bulletin Philosophical Society of Washington, Vol. 1 1, p. 391. 
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DEFORMATION OF THE BASELEVEL. 

It is evident that since the Miocene there have been great 
changes of level in northern California, for instead of the original 
baselevel of the erosion, we have now prominent mountain 
ranges, whose sides are furrowed by the deep canons of the 
rejuvenated streams. 

The deformation of the baselevel may be studied along two 
lines of evidence : ( I ) by tracing the present variations of alti- 
tudes in the original baselevel, which must have had a very 
gently sloping surface itself, and (2) by tracing the deformation of 
the lone deposit which, when laid down, must have been below sea 
level at a lower altitude than the baselevel, because deposited in 
the water body upon its border. Each line of evidence should 
corroborate the other and render conclusions concerning the 
deformation more trustworthy. 

It is impossible to tell from what is known at present the 
original inclination of the baselevel. It is evident, however r 
that it must have been considerably less than one degree, for at 
that angle streams generally erode their beds much more than 
their banks, and cut canons. 

Upon the western edge of the baselevel, at the foot of the 
Klamath Mountains in Tehama county, the altitude is nearly 2,300 
feet, while upon the eastern edge it is considerably less than 
1 ,000 feet, giving the old plain in the Greasewood hills a slope 
of 100 feet to the mile to the eastward. Across this plain the 
present streams flow in canons 300 to 400 feet deep, and they 
are still cutting. The canons in general are deepest to the 
westward and gradually run out to the Sacramento river in the 
newer deposits which fill the valley. It is evident that since the 
baselevel was formed, it has been affected by differential eleva- 
tion in the uplifting of the Coast Range and Klamath Mountains, 
just north of the fortieth parallel, to the extent of over 2,000 feet, 
and if we may judge from the traces of the baselevel seen at 
Shower's pass and South Fork Mountain, the upheaval in the 
Klamath Mountains has been much greater. It has long been 
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surface of the Sierra Nevada has been deformed during this 
uplift, and that the most noticeable deformation has been caused 
by a subsidence of the portion adjoining the Great valley rela- 
tively to the middle part of the range." 

Strong evidence of the deformation is furnished by the dis- 
tribution of the lone formation. As already shown, this forma- 
tion was deposited about sea level. On Little Cow creek it now 
occurs at an altitude of 3,400 feet, and on Bear creek about 4,000 
feet above the sea, indicating conclusively that since the base- 
level period the Lassen Peak region has been elevated at least 
4,000 feet. There are indications that the elevation was still 
greater to the southward about the northern end of the Sierra 
Nevada, for between Mountain Meadows and Diamond Peak 
opposite Susanville the auriferous gravels supposed to belong to 
the estuarine lone formation rise from 5,000 to 7,000 feet. These 
high gravels upon the northeastern block of the Sierra Nevada 
have been displaced in a remarkable manner by the upheaval of 
the range. The area occupied by them is about 10 x 16 miles 
in extent. Although the gravels cover the larger part of this 
area and are connected throughout, they do not appear over the 
whole of it. There were a few small islands of older rocks 
during at least the later portion of the gravel period, and at 
some other places within the area the gravels have either been 
washed away or covered up by later volcanic flows. 

During the later part of the gravel period in that region, 
after the effusion of the andesitic lavas, more or less well defined 
beaches were formed around a series of volcanic islands upon 
what is now the very crest of the range from Fredonia Pass 
northeast of Mountain Meadows to Diamond Mountain. When 
developed, these beaches must have been at the same level in a 
body of standing water, but now they gradually rise to the south- 
ward from about 5,000 feet near the northern end of Mountain 
Meadows to 7,000 feet opposite Diamond Peak, and it is evident 
not only that the northern end of the range has been elevated 
but that the amount of elevation increased to the southward. 
The general inclination of this body of gravels toward Lassen 
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Peak, beneath whose lavas it disappears, makes it very probable 
indeed that they are connected with the lone formation that dis- 
appears under the opposite edge of the same lavas bordering 
upon the eastern side of the Sacramento valley. If this could be 
definitely established it would show that the northern end of the 
Sierra Nevada has been elevated 7,000 feet since the gravel 
period of that region. It is possible that the increased elevation 
does not extend far to the southward, for beyond the 40th par- 
allel the eastern crest of the range retreats to the escarpment of 
the main block of which the Sierra Nevada is composed. 

In connection with the upheaval of the northeastern portion 
of the range a fault was formed along the eastern base at least 
beyond Honey Lake. A short distance above Janesville the 
gravels are displaced by a fault in which the throw is about 3,000 
feet. On the very crest of the range, seven miles northwest of 
Janesville, the gravel rises to 7,400 feet, while at the foot of the 
steep slope which it caps the same gravel occurs in Mr. Weisen- 
berger's mine at an elevation of about 4,300 feet. To the north- 
westward the fault runs out apparently in a monoclinal arch, later 
than the volcanic eruptions on the crest of the range at that 
point, 1 but before the final eruptions of the Lassen Peak region 
were completed. Mr. Lingdren has shown 8 that further south 
the eastern slope of the range was formed before the eruption of 
the andesitic lavas. There is some evidence of a similar 
character in the Honey Lake Region. 



ORIGIN OF THE EARLIER AURIFEROUS GRAVELS. 

The Tejon epoch appears to have been brought to a close, 
and the Niocene initiated, in northern California, without any 
marked change of level, unless a general subsidence, 3 so that the 
influences in operation during the Tejon continued into the 
Miocene. The old streams still carried on their enfeebled 
erosion, and in some places the land was completely reduced to 

1 See also Eighth Annual Report U. S. Geological Survey, p. 429. 
9 Bull. Geol. Society of America, Vol. 4, pp. 257-298. 
3Dall and Harris : U. S. Geol. Survey, Bull. 84, p. 278. 
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baselevel. The removal of material was chiefly by solution, 
and the insoluble residuary material thus set free by the disin- 
tegration of the rocks accumulated to considerable depths upon 
the land. 

The long period during which the land of northern California 
remained comparatively stationary, and which enabled the 
streams in many parts of that region to practically complete 
their cycles of erosion from youth to old age, was brought to a 
close by the initiation of an orogenic movement which generally 
increased the grade of the streams upon the western slope of the 
Sierra Nevada. At first the differential change of level was very 
moderate and increased the declivity of the streams but little, 
but being long continued it became in time revolutionary in its 
effects, and finally, accompanied by extensive volcanic eruptions, 
gave birth to the High Sierra of to-day with the deep canons 
upon its western slope. 

The first result of this change of slope was to rejuvenate the 
streams and invigorate erosion. On account of surface deforma- 
tion which must have accompanied the upheaval of such a large 
mass as the Sierra, the stream grades would be differently affected 
even along the same channel, and in fact, as Mr. Lindgren has 
pointed out, in at least one case, owing to direction of flow, the 
stream grade has been not only diminished but reversed. 1 

The country being covered by a thick coating of soft residu- 
ary material, of which the great mass was fine particles, erosion 
was easy. There were coarser fragments of quartz, largely vein 
matter, as well as boulders of disintegration which had withstood 
the chemical changes. The streams readily became loaded not 
only to their full capacity but overloaded with the mass of fine 
material, and were thus forced to deposit the coarser particles. 
The grains and fragments not quite suspendable under the condi- 
tions of load were rolled along the bottom and rounded by 
attrition. 

In this way the old channels of the baselevel period became 
filled with gravel of which by far the larger part is quartz. In 

1 Bui. Geol. Soc. of Am., Vol. 4, p. 281. 
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follows : their beds are narrower, rims steeper, and accumula- 
tions of bed rock gravel incomparably smaller." In these large 
accumulations of older gravels Prof. Whitney saw evidence of 
larger streams and heavier precipitation during the gravel period 
than now belongs to that region,* but, as pointed out by Mr. 
Gilbert, 2 deposition in stream channels is indicative of diminished 
instead of increased rainfall. 

Professor Le Conte regarded the gravels as " deposits made by 
the turbulent action of very swift, shifting, overloaded currents" 
supplied with both water and debris " by the rapid melting of 
extensive fields of ice and snow" which were then supposed to 
occupy the higher portion of the range. 3 

A very important contribution to the literature of the aurifer- 
ous gravels has been made lately by Mr. W. Lindgren, whose 
views are expressed in the following quotation : 4 

" From the rugged country in the region of their sources the rivers pursued 
their course down in broad valleys separated by ridges which even in the 
lowest foot-hills sometimes reached an elevation of a thousand feet above the 
channels. The outlines of the ridges were usually comparatively gentle and 
flowing ; still, slopes of ten degrees from the channel to the summit were 
common and slopes as high as fifteen degrees occurred in the eastern part of 
the Sierra. The character of a region of old and continued erosion, com- 
mencing probably far back in the Cretaceous period, is everywhere plainly 
evident. In the center of the deep depressions is quite frequently found a 
deeper cut or " gutter," indicating a short period of more active erosive power 
just before the beginning of the gravel period. At this time, probably about 
the beginning of the Miocene period, the streams became charged with more 
detritus than they could carry and began to deposit their load along their 
lower courses, especially at places favorably situated, as, for instance, along 
the longitudinal valley of the South Yuba. Toward the close of the Neocene, 
gravels had accumulated all along the rivers up to a (present) elevation of 
about 5,000 or 6,000 feet ; above this it is plain that erosion still continued in 
places with great activity and furnished some of the material deposited in the 
lower parts of the streams. The coarse character of much of the gravel and 

1 Climatic Changes in later Geological Times, p. 1. See also Auriferous Gravels* 

P. 335. 

» Science, Vol. I., p. 194, March 23, 1883. 

3 Am. Jour. Sci., Vol. XIX., 1880, p. 184. 

« Bui. Geo!. Soc. of Am., Vol. 4* PP- 265-6. 
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If, when thus mantled with residuary material, the Sierra 
Nevada region were affected by a change of level in such a way 
as to slightly increase the fall of the streams upon its slopes, it is 
believed, as already suggested, that during a comparatively brief 
period owing to overloading they would be forced to deposit and 
fill their channels. A portion of the process is, in a measure, 
illustrated by what has taken place along some of the present 
streams of the Sierra Nevada where hydraulic mining has been 
extensively carried on. The streams are overloaded by the 
debris forced into them from the mines and their channels are at 
least temporarily filled with gravel. 

After the deposition of the earlier gravels the declivity of 
some of the streams at certain points appears to have been so 
decreased that they deposited finer material and covered the 
gravel with sand and clay. This may have resulted from differ- 
ential elevation, differential subsidence, or both, and there Is 
evidence that both occurred within the gravel period. At Cherokee 
Flat upon the eastern border of the Sacramento valley the finer, 
essentially estuarine deposits, over 300 feet in thickness, lap over 
to the eastward upon the ancient river and shore gravels mined 
at that place. This overlapping evidently resulted from a subsi- 
dence of that region. 

SUMMARY. 

A study of the ancient topographic features upon the bor- 
ders of the Sacramento valley, in the Klamath Mountains, and 
upon the western slope of the Sierra Nevada, shows that during 
the earlier portion of the auriferous gravel period, southern 
California, by long continued degradation, was finally reduced 
approximately to baselevel conditions. The mountain ranges 
were low, and the scenery was everywhere characterized by 
gently flowing slopes. 

The distribution of the lone formation and the early aurif- 
erous gravels, as well as the plant remains which they contain, 
point clearly to the same conclusion. 

The topographic revolution consisted in developing out of 
such conditions the conspicuous mountain ranges of to-day. 
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TOPOGRAPHIC DEVELOPMENT OF THE 
KLAMATH MOUNTAINS. 



By Joseph H. Diller. 



INTRODUCTION. 

The observations on which this paper is baaed were begun in 1889 
during a trip across the Coast Range from the Sacramento Valley to 
the mouth of Eel River in California,' and have been continued since 
then at intervals, throughout the limits of the Klamath Mountains, 
from the fortieth parallel in California to the Coquille River in Ore- 
gon. In the Bummer of 1900 several months were spent along the 
coast from Port Orford in Oregon to Clear Lake in California, and 
thence northward by way of Stony Creek on the eastern slope of 
the Coast Range to Bully Choop. Since then a trip has been made, 
chiefly on horseback, from San Francisco northward through the Coast 
Range, Klamath Mountains, and Cascade Range by way of Round 
Valley, Eel River, and the valley of the Klamath, with numerous 
side excursions from the general route. 

The topographic development of the coastal region of California 
from San Francisco to Humboldt Bay has been graphically described 
in an excellent paper by Prof. A. C. Lawson, s whose general conclu- 
sions are in many respects essentially the same as those of this paper, 
which gives them a wider and more detailed application. 

THE KLAMATH MOUNTAINS. 

The Klamath Mountains (PI. I), although a portion of the Coast 
Range lying between the fortieth and forty^third parallels of Califor- 
nia and Oregon, are most conveniently treated as if independent. 
They are composed largely of sedimentary and igneous rocks similar 
to those of the Sierra Nevada, but contain also some of Cretaceous 
age. At the north they are easily separated from the Coast Rauge 
of Oregon, which begins among the Rogue River Mountains and is 
made up chiefly of Eocene sediments. 

> Fourteenth Ann. Kept. U. B. Oeol. Survey, Part II, IBM, p. 408. 

■The geomorphogeny of the coaet of northern CWif ornla: Boll. Dept. Ooul., Unlr. Calirorata, 
Vol. I, pp. H1-S7S. 



The Eruptions of Lassen Peak, Calif.* 

By J. S. Diller. 

The recent eruptions of Lassen Peak have been a great surprise 
not only to the residents of the district, but also to most of the geolo- 
gists who are more or less familiar with the decadent volcanic energy 
of the Cascade Range. It is generally considered the "land of the 
burnt out fires/' and so it is ; but although the fires may be out, there is 
much evidence of remaining heat in some places upon the summits of 

the great volcanoes, as in the case of Shasta and Rainier and in others 
about the base of the mountain, where basaltic eruptions are likely to 
follow around an andesite cone. 

Of all the great extinct volcanoes of the Cascade Range, Lassen 
Peak is the richest in solfataric action. Southeast of Lassen Peak 
there are Bumpass' Hell, Lake Tartarus, the Geyser, and the Devil's 
Kitchen, beside many other hot sulphurous springs, all of which are 
exhibits of volcanic energy, and a short distance to the northward is 
the Cinder Cone, a national monument which marks the scene of one 
of the latest volcanic eruptions in the United States. 

The accompanying illustrations give a vivid impression of the 
character of the late eruptions of Lassen Peak. According to the 
forestry service at Mineral, there have been 32 eruptions up to August 
23. The eruption at 5 :28 A. M. Saturday, July 18, is said to have 
been "by far the most violent eruption to date," lasting practically 
the entire morning and ejecting the dust to a height of 11,000 feet. 
The outbreak August 21 is reported as "one of the largest," continuing 
an hour and forty minutes, the column rising to a height of 10,560 feet. 

On the morning of June 14, during the ninth eruption, which lasted 
about half an hour, the dust rose up to 2500 feet. 

The crater increased in size with the number of eruptions. The 
view of the crater was taken June 20, after 11 eruptions. On July 23, 
after 24 eruptions, the crater was somewhat more than 650 feet long,* 
100 to 200 feet wide and about 150 feet deep. 

The material ejected ranges in size all the way from fragments 
four feet in diameter to fine dust. As the amount ejected at each erup- 
tion is small, only about ten feet in thickness of the rim is made of 
ejected material. Beneath it is a layer of snow that covered the place 
when the first outburst occurred, May 30. 



•Paced by W. H. Storms, June a tit, Mining and Scientific Press, July 25, 19x4. 
Published by permission of Director of U. S. Geological Surrey. 
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The inner slopes are very steep and cave in frequently. A few 
large stones have been thrown more than a fourth of a mile from the 
crater. Most of the dust falls within a radius of a mile, but some has 
been carried by the wind as much as 15 miles to the southward, and 
the sulphurous fumes are said to have been recognized at about 
the same distance. A quarter of a mile from the crater, to the south- 
west, the sand and dust layer on the snow, July 23, was three inches 
thick, and being wet, looked, from a distance, black and peculiar on 
the white snow. When dry this dust is very light and easily carried 
by frequent whirlwinds into the air to make the mountain look as if 
it were smoking. Forest rangers who were in the neighborhood of the 
summit during eruptions heard the rushing steam and the falling rocks, 
but report no rumbling or subterranean noises, earth shocks,f electrical 
phenomena, or great heat beyond that of the escaping steam. 

Considerable volumes of water were ejected, probably wholly in 
the form of steam. The water condensed as rain, but there was not 
enough of it to produce any marked effect by eroding the surface, and 
the phenomenon is in no proper sense a geyser where water is the plug 
ejected by successive eruptions. In Lassen's new crater the plug is 
rock matter. 

Within the crater the yellowish surfaces suggest that sulphur is 
being deposited by the rising vapors as in the solfataras. No definite 
molten products have been found as a result of the recent eruptions of 
Lassen Peak. The dust sent to Washington was examined micro- 
scopically by H. G. Ferguson, who came to the conclusion that the 
dust afforded no evidence of recent fusion. 

I examined the crater the second time July 23 and found it to be 
larger and emitting a greater quantity of steam more generally dis- 
tributed over the crater bottom than on June 20, when the first exam- 
ination was made. 

During the ten days ending July 18 nine eruptions, including the 
two largest, have been reported by the forest service; while in the 
ten days previous there were only six eruptions of moderate size. Dur- 
ing June there were 12 eruptions, and in July, up to the 19th, there 
were 11 eruptions. Although the records show increased intensity 
of volcanic action, there seems to be as yet no impending danger of a 
sudden disastrous eruption. The activity appears to be limited to a 
comparatively shallow depth at the summit of the mountain. 

Nearly all the hot springs and solfataras about Lassen Peak have 
been visited recently and the common opinion found true that there 



tWilliam H. Storms reports a moderately heavy shock in the latter part of May. Miming 
and Scientific Press, July, 1914, p. 143. 



56 The Eruptions of Lassen Peak, Calif. 

is no evidence of increased intensity in the solfataras since the erup- 
tions from the summit of Lassen Peak began. 

The eruptions will probably end in establishing a solfatara on the 
summit of Lassen Peak, but it should be closely watched for earth 
tremors and evidences of deeper-seated action, and visitors should 
approach it with caution. 

There are excellent views of Lassen Peak at a distance of about 
SO miles, from the Southern Pacific trains between Redding and Cot- 
tonwood, especially at Panorama Point, a few miles south of Anderson. 

The forest service at Mineral, W. J. Rushing, forest supervisor 
in charge, has an outlook station on Brokeoff Mountain, in full view 
of Lassen Peak, only a few miles away to the northward. Mr. Rush- 
big's observers are on Brokeoff Mountain, a part of Lassen's oldest 
crater rim, continuously, and have an excellent opportunity to make a 
complete record of Lassen's activity, a service of great importance. 

Lassen Peak may be reached from Redding, on the Southern 
Pacific railway, thence by motor to Viola P. O. and Manzanita Lake, 
but the motor trip is long and the mountain climb from the north- 
west is hard. 

A better way is from Red Bluff, on the Southern Pacific railway, 
thence by motor to Mineral Postoffice, thence horseback 12 miles to 
the foot of the mountain, and an easy climb of about an hour and a 
half to the summit from the southeast. 

The best way is from Drakesbad on the southeast, only seven 
miles from the mountain. Drakesbad, formerly Drake's Springs, is 
an attractive mountain resort in Hot Spring Valley, from which not 
only Lassen Peak but also Cinder Cone and other interesting volcanic 
phenomena may be easily visited. 

Drakesbad is a thirty-mile motor ride from Westwood, the fine 
hoteled terminus of the Southern Pacific branch line from Fernley, 
Nevada, to Susanville. There is a through sleeper from San Fran- 
cisco to Susanville on train No. 6. 

The Western Pacific railway affords an easy approach by way 
of Keddie and thence by motor to Westwood, or from Doyle to 
Susanville. 
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■FOREST SERYICB BBCORD OF ERUPTIONS Or LASSEN PEAS. 



•Puhliihcd bjr pjratnion of the director of the U. S. Geologic*! Surrey, 
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FOREST SERVICE RECORD OF ERUPTIONS OF LASSEN PEAK. 



No. of 

J&rap* 

tfcn. 



Date 
1914 



Tims 
P. 8. T. 



Character of Eruption. 



Duration. 



Sin of 

Crater in 

Feet. 



40 
41 



*i — j. 
oops., 

*i — j. 
Bops. 

^* t. 

DSP*. 

*i — j. 

oops. 
Sept. 

Sept. 



8 

8 

9 
9 

16 



946 



1045 a jn. 
11*5 



430 ajn. 
8:00 p.m. 

8:00 p.m. 



44 

45 



46 
47 



Sept. 
Sept. 



Sept. 
Sept. 



19 
80 



801 
81 



8:10 
8:00 



1135 
645 



Medium. Basin aubaiding immediate- 
ly after outburst. 



Medium. 8Ughtly more ash thrown out 
than two preceding eruption*. 

Heavy. Ash elouds enveloped 
tain. Entire orater active..... 

Medium 

Considered one of the largest eruptions 
to date. Heavy fall of ashes in Min- 
eral and Lyonsville 

Mountain obscured by elouds. Only in- 
dication of eruption was fall of ashes 
at viola 



Normal had not 
been reached 
when third er- 
uption of day 
took place. 
Normal not 
reached. 

1 hr. 50 min. 



Continued af- 
ter sundown. 



Unkown. 



Medium 

Very heavy. Accompanied by terrifie 
rumblings, followed by heavy vibra- 
tions 

Heavy. Rumblings and detonations 

heard at MineraTfor first time. AsIm 

fell at Mineral 

Probable most violent eruption to date. 
Ash practically obscured sky from 
Mineral view-point 



Short. 
5 hours. 
8 hours. 



cleared on 
18th.,dis- 
olosingS 
new vents 
on W. slope, 
undoubt- 
edly caus- 
ed by erup- 
tion of 16th. 



No 

noted in 
vents. 
No 
noted in 
vents. 
Vent 
est top on 
it slope 



ably < 

gad. Equal 

volumes 

of steam 

from both 

aides of 

mountain 



Of the first thirty-two eruptions listed above there were sixteen with an interval between 

i of less than a day, six with an interval of between one and two days, two between two 

d three days, two between three and four days, and five with intervals of from five to 

twenty-three days. It is noteworthy that the longest interval, twenty-three days, followed the 

most violent eruption, and was succeeded by one of low intensity. 

(Signed) W. J. Rushing, 

Forest Supervisor. 
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The list of eruptions and data conccrni 
preceding page were kindly furnished by Mr. ] 

Supplementary Note, Novembi 

The foregoing article was written in the 
Since then Mr. Rushing has reported IS erupti 
5, to the 47th, Sept. 21, inclusive, which have 
Newspapers reported the 56th eruption Oct. 16 
quently and apparently with increasing vigor, 
heard to a distance of 20 miles and slight but 
at a number of places. The shocks are due cl 
different cause more or less closely connected 
about the northern end of the Sierra Nevada. 

Flashes of light and balls of fire have bee 
of the ejected molten material are said to have 
the reports are not satisfactorily confirmed. W 
will finally yield a solfataric area on its sunu 
base, or become a more fully active volcano o 
or neither, is as yet not a matter of certainty. 
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PREFACE. 



By George Otis Smith 



The United States of America comprise an aroa so vast in extent 
and so diverse in natural features as well as in characters due to 
human agency that the American citizen who knows thoroughly his 
own country must have traveled widely and observed wisely. To 
"know America first" is a patriotic obligation, but to meet this obli- 
gation the railroad traveler needs to have his eyes directed toward 
the more important or essential things within his field of vision and 
then to have much that he sees explained by what is unseen in tho 
swift passage of the train. Indeed, many things that attract his 
attention are inexplicable except as the story of the past is available 
to enable him to interpret the present. Herein lie the value and the 
charm of history, whether human or geologic. 

The present stimulus given to travel in the home country will 
encourage many thousands of Americans to study geography at first 
hand. To make this study most profitable the traveler needs a hand- 
book that will answer the questions that come to his mind so readily 
along the way. Furthermore, tho aim of such a guide should be to 
stimulate the eye in the selection of the essentials in the scene that 
so rapidly unfolds itself in the crossing of the continent. In recog- 
nition of the opportunity afforded in 1915 to render service of this 
kind to an unusually large number of American citizens as well as to 
■visitors from other countries, the United States Geological Survey has 
prepared a series of guidebooks ' covering four of the older railroad 
routes west of the Mississippi. 

These books are educational in purpose, but the method adopted is 
to entertain the traveler by making more interesting what he sees 
from the car window. The plan of the series is to present authori- 
tative information that may enable the reader to realize adequately 
tl~»o scenic and material resources of the region he is traversing, to 
comprehend correctly the basis of its development, and above all to 
appreciate keenly the real value of the country he looks out upon, 

1 Guidebook of the western United States: Part A,TheNorthernPacificRoute, with 
»*ri<te trip to Yellowstone Park {Bulletin 611); Part B, The Overland Route, witha 
»ide trip to Yellowstone Park(Bulletin 812); Part C,The Santa Fe Route, with aside 
trip to Grand Canyon of the Colorado (Bulletin 613) ; Part D, The Shasta Route and 
C°**t. Line (Bulletin 614). 
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part d. the shasta route and coast line. 



By J. S. Dilleb and others. 



INTRODUCTION. 

From Alaska to Lower California the western coast of North Amer- 
ica is bordered by a belt of mountains which is from 100 to 200 miles 
wide. This belt as a whole has been named the Pacific System. It 
separates the Pacific Ocean on the west from an interior plateau 
region, which also stretches from Alaska to Mexico. This plateau is 
of varied character but, as is well illustrated by the State of Nevada, 
much of it is arid and is seamed with mountain ranges. 

Attention need be directed here only to that part of the Pacific 
System which lies chiefly in the States of Washington, Oregon, and 
California, a section 1,300 miles in length. (See PI. I.) Within 
these three States the Pacific System embraces a number of distinct 
mountain ranges from which project some of the loftiest peaks on the 
continent. It includes* also broad valleys that are in part close to 
sea level. Consequently it is a region of strong contrasts in altitude 
and of wide diversity of scenery and climate. Before the snow dis- 
appears each summer from the crest of the Sierra Nevada the burning 
sun in the interior valley of California has yellowed the grain and has 
tinted the fruit in orchard and vineyard. Throughout the year the 
snow cap of Mount Rainier is in full sight from the fertile valleys of 
Washington, where winter severity is unknown. 

For its entire extent, from Alaska to Lower California, the Pacific 
System may in general be divided lengthwise into three parts — two 
long lines of mountain ranges and an intervening belt of valleys that 
m.ay be called the Pacific valley belt. The northernmost member of 
this belt that need be considered here is the valley of Puget Sound. 
■A low divide separates the sound from Cowlitz Valley, the next mem- 
ber of the belt to the south. Cowlitz Valley drains southward to the 
■Columbia and is succeeded on the south by Willamette (wil-lam'et) 
^ «lley, whose waters flow northward into the Columbia. Willamette 
V^Qey extends southward for about 120 miles, or about halfway 
tc ^zrosa the State of Oregon. Between its head and the north end 
the Great Valley of California, the next member of the Pacific 
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Oregon Coast Range and are closely related in materials and in 
structure to the Sierra Nevada. The Klamath Mountains extend 
south-southeastward into California for 150 miles and overlap to the 
east for 80 miles the north end of the California Coast Ranges. 

The California Coast Ranges extend southward for more than 600 
miles to the vicinity of Point Conception, where the coast turns 
sharply eastward along the Santa Barbara Channel. They consist 
of rocks of great variety of character and of widely different geologic 
ages. Their structure also is exceedingly complex. The most 
abundant rocks were formed in the Tertiary, Cretaceous, and perhaps 
Jurassic periods. Most of these rocks were deposited as sediments 
on a sea bottom, but associated with the rocks so formed are in places 
layers of lava or masses of igneous rock, which were forced in molten 
condition into the sedimentary rocks. All have been folded and faulted 
at several periods. Finally erosion, or the action of moving water, 
in the form of rain, streams, and waves, aided by the crumbling effect 
of weather, carved out the hills as they now appear. The resulting 
forms reveal to one skilled in their interpretation some indication of 
the complexity of the underlying rock structure. 

At their south end the Coast Ranges meet another set of ranges, 
which have a more easterly trend than the Coast Ranges proper and 
do not fall readily into the general threefold division of the Pacific 
System of mountains that is so clearly recognizable farther north. 
The suggestion has been made that these mountains should he dis- 
tinguished from the Coast Ranges, with which they have commonly 
been included, by designating them the Sierras de los Angeles, from 
the city of Los Angeles. Well-known individual ranges classed in 
this group are the Santa Ynez, San Gabriel, and San Bernardino. 

Along the east side of the Pacific valley belt stretch two great 
ranges — the Cascade Range on the north and the Sierra Nevada on 
the south. The Cascade Range begins a few miles north of the 
boundary between Washington and British Columbia and continues 
southward for 650 miles to the vicinity of Mount Shasta in California. 
It has a foundation of granite and of sedimentary rocks, such as sand- 
stone and shale, ranging in age from Carboniferous to Miocene. Some 
of the sedimentary rocks and some associated igneous rocks have been 
changed by heat and pressure into crystalline laminated rocks known 
as schists. From Mount Rainier southward the rocks just men- 
tioned are buried to an increasing extent under lavas which probably 
"*>wed from many vents at different times. The volcanic cones, such 
a -^ Shasta, Hood, and Rainier, which form striking features of the 
— -ascades, represent a comparatively late stage of volcanic activity 
^^id have been piled up on a preexisting mountain range. 

The Sierra Nevada, wliich continues southward the general line of 
"^e Cascade Range, is of somewhat different structure and history. It 
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SHASTA ROUTE. 
SEATTLE TO SAN FHANCISCO. 

On May 11, 1792, Capt. Robert Gray, of Boston, anchored in the 
great river that he named Columbia, in honor of his ship, and laid ■ 

the foundation of our subsequent claim to the region 
Washington. which it drains. The Hudson's Bay Co., whose 
agents early visited the extreme Northwest, discour- 
aged settlers, but at Tumwator, near Olympia, at the head of Puget 
Sound, a permanent American settlement was established in 1845. 
Marcus Whitman and other missionaries settled near the site of 
Walla Walla in 1836, but in 1847 Whitman and his wife were killed 
by the Indians and the station was broken up. Conflicting claims 
between the United States and Great Britain were adjusted by a 
treaty July 17, 1846, which fixed the forty-ninth parallel as the inter- 
national boundary. Oregon, as all this wild country was then called, 
became a Territory on August 14, 1848, and on March 2, 1853, the 
part of it north of Columbia River was separated as the Territory of 
Washington, which was admitted as a State February 22, 1889. The 
State of Washington has an area of 69,127 square miles and in 1910 
had a population of 1,141,990. 

The superb forests of Washington, illustrated in Plate II, are the 
basis of its chief industries. Within it are 10 national forests, a 
national park, and a national monument, which together cover more 
than one-fourth of the State. 

Coal is the principal mineral resource of Washington. In the pro- 
duction of this fuel the State holds first rank on the Pacific coast, the 
output in 1913 having been 3,877,891 tons, valued at $9,243,137. 
Wheat, grown chiefly in the eastern part of the State, is the principal 
agricultural product. Oats and barley are next in importance. 
Western Washington, which has a moister climate than the eastern 
part, produces large crops of hay. The fruit industry is developing 
rapidly, apples in particular finding good markets in the eastern 
cities and abroad. The waters of the State are full of fish, and the 
salmon industry is large. The high mountains and heavy rainfall 
insure abundant water power, which will no doubt be increasingly 
utilized. 
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Seattle. 

Elevation 20 feet. 
Population 237,194.» 



Seattle (see sheet 1, p. 20), the metropolis of Washington, the com- 
mercial center of the Puget Sound country, and the gateway to 

Alaska, stands on a neck of land between Elliott Bay 
(an eastern aim of Admiralty Bay, Puget Sound) 
and the fresh-water Lake Washington, about 865 
miles by steamer and 957 miles by railroad north of 
San Francisco. Seattle was founded in 1852 and named after a 
Duwamish Indian chief. A fire that destroyed almost the whole of 
the business quarter in 1889 and the financial depression of 1893 
retarded for a time the growth of the city, but the discovery of gold 
in the Klondike region in 1897 gave it a new impulse, as it became 
the shipping point for the new gold fields. It is the western terminus 
of three railroads and has direct connections with several others. Its 
population has nearly trebled in 10 years, and it is now one of the 
largest and most progressive cities of the Pacific Northwest. 

The city is built on a series of terraces, the commercial quarter 
standing near sea level and the better residential part occupying a 
terrace about 500 feet above the sea. From this part of the city 
there are fine views not only of the Olympic Mountains and Puget 
Sound, to the west, but also of Lake Washington and Mount Rainier, 
to the east. The city has an excellent salt-water harbor, which is 
being connected by a ship canal with Lake Washington, where ves- 
sels may go into fresh water to free their hulls of weeds and barnacles. 

The principal exports are coal, timber, hops, and fish. Seattle is 
the chief point of entry from the Alaskan gold fields, and large quanti- 
ties of gold dust are brought to the United States assay offices here. 

The hills in the lower part of the city have been leveled off by a 
method used in hydraulic mining; in other words, they have been 
literally washed away by powerful jets of water. (See PI. XIV, p. 48.) 
This method of grading was feasible because the city is built on uncon- 
solidated drift left by a glacier that once occupied the basin of Puget 
Sound, as described below by W. C. Alden. 2 



1 The figures given for population 
throughout this book are those of the 
United States Census for 1910. For places 
that are not incorporated the census fig- 
ures represent the population of the elec- 
tion precinct, township, or other similar 
unit; such figures are in this book marked 
with an asterisk (*). 

9 Thousands of years ago, during what is 
variously termed the Great Ice Age, the 
glacial period, or the Pleistocene epoch, 
the northern part of the North American 
Continent was covered by vast sheets of 
ice similar to the great ice cap which now 



covers most of Greenland. (See fig. 1.) 
Although at times the ice may have coa- 
lesced in one vast sheet stretching from 
the Atlantic to the Pacific and from the 
Arctic regions southward about to the line 
of Missouri and Ohio rivers, yet there wore 
three distinct centers of accumulation and 
spreading. One of these centers was on 
Labrador Peninsula, one west of Hudson 
Bay, and one, called the Cordilleran, in 
the mountains of western Canada. There 
were also several distinct periods of ice 
accumulation, each followed by a warmer 
interval thousands of years in duration. 
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Lake Washington, a beautiful sheet of water near the eastern 

border of Seattle, is about 20 miles long and 2 to 5 miles vide and is 

entirely surrounded by glacial drift. Small steamers 

E ™*~ fr ™ that ply to and fro on the lake afford fine views of 

the Cascade Range. 

Snoqualmie Falls (PI. Ill) is 270 feet high and more than 50 feet 

wide and is well worth seeing. It may be reached by the Northern 



during which the ice is believed to have 
hugely or wholly melted away. There is 
evidence of at least four of these distinct 
stages of glaciation, and the last of these 
is known as the Wisconsin stage. 



tended southward from British Columbia 
into the Puget Sound basin. (See PI. I.) 
The name Vashon, from the large island 
between Seattle and Tacoma, has been 
applied by geologists to this ice lobe, the 
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At a time which probably corresponds 
to the Wisconsin stage of glaciation east of 
the Rocky Mountains the mountains of 
Washington were largely covered with ice, 
and a lobe of the Gordilleran ice sheet ex- 



last of the Puget Sound glaciers, and to 
the deposits formed in connection with it. 
This glacier is believed to have attained 
a thickness of about 2,500 feet. The ice 
filled the depressions now occupied by 
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Mount Rainier is the noblest of the peaks that overlook our Pacific 
coast. It attains an elevation of 14,408 feet and is the highest 
peak of the Cascade Range. Like Fujiyama in Japan and Shishaldin 
in Alaska, it rises majestically with the graceful lines that proclaim 
its volcanic origin. Its base is set in the green of the wonderful 
Fuget Sound forest, and its snowy cone merges into the clouds, to 
which it appears to belong rather than to the earth. From this cone 
a score of radiating glaciers, the largest in the United States, extend 
down the gashed slopes into the forest below, where they give rise 
to rushing, roaring rivers of milk-white water. Over 25 years ago 
James Bryce, later British ambassador to this country, and Karl 
von Zittel, the well-known German geologist, visited Mount Rainier, 
and in a report expressed the hope that this peak might be reserved 
as a national park. It is gratifying to Americans to know that these 
experienced and discriminating travelers said that they had seen 
nothing "more beautiful in Switzerland or Tyrol, in Norway, or in 
the Pyrenees than the Carbon River glaciers and the great Puyallup 
glaciers." 

In Paradise Park {PI. IV, B), or in some other sylvan retreat on 
the lower slopes of Mount Rainier, whoever is weary of ihe city may 
find true recreation. All about are bright flowers, which throughout 
the summer follow the retreating snowbanks in a succession of gar- 
dens wherein nature displays a profusion of bloom alongside of ice 
and snow. Below are the forests, dark and almost silent, except 
where their stillness is broken by the raucous cry of the Clark crow 
or where some stream roars over the bowlders or splashes musically 
among the ferns. Above all looms the peak, clad in eternal snow. 

The volcanic cone of Mount Rainier has been built up by lava 
erupted through past ages. Although it is practically extinct, its 
crater still gives forth steam and sulphurous fumes. The form of the 
cone has been modified by the destructive work of glaciers, which have 
cut deep grooves into the mountain sides, and of avalanches, whose 
occasional thunder testifies to the continued attack of atmospheric 
agencies. 

Mountain goats, marmots, and ptarmigan constitute the fauna of 
the mountain. 

To avoid some heavy grades the Northern Pacific Co., by tunneling 
Point Defiance and continuing thence by way of Steilacoom, has 
recently built a new line from Tacoma to Tenino, commonly known as 
"the loop," thus enabling the traveler to enjoy some coast scenery, 
•his line is 6 miles longer than the old line, but the easier grades offset 
*he difference in distance. From Tacoma the new line follows the 
s ^-ore northwestward for 4 miles, past the flour and saw mills to the 

9628C°— Bull. 614—15 2 
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Beyond Ketron the water view widens. The horizontally stratified 
sands and gravels that have been the prevalent material along the 
^^ railway for miles are well developed and within view 

on Ketron and Anderson islands. The dark-spotted 
rock used to protect the railroad embankment from 
the southwest storms of winter comes from the vicinity of Bremerton 
and contains a few fossil shells. Porpoises, seals, and even whales 
may occasionally be seen in this part of the Sound. A whale stranded 
near Steilacoom in 1912. At the mouth of Sequalitcher Creek are the 
wharf and power house of the Dupont powder works, which are just 
out of sight on the left. The foreset bedding of the old delta gravels 
is well shown for 3J miles along this portion of the route. These 
gravels are succeeded abruptly at 22.1 miles from Tacoma by well- 
exposed stratified clays (Admiralty) overlain by stratified gravels. 

At the mouth of Nisqually River a strip of the present delta nearly 
a mile wide is alternately covered and left bare by the tides. Three 
miles up the river valley is Nisqually station, where 
Nisqually. tne mam ii ne jg crossed by the Grays Harbor branch 

p °p ulaUon m ■' of the Northern Pacific, leading to Olympia, the State 
capital, and beyond to the coast, l'rom Olympia 
another branch runs through Tumwater, the oldest American set- 
tlement in Washington, which marked the end of the Oregon Trail. 
Near Nisqually station there is a small terminal moraine left by 
the receding front of the Puget Sound glacier. South of Nisqually 
River are delta gravels which were deposited by a former stream on 
the great outwash plains left by the melting glacier. These gravels 
are well exposed in the railway cut. Near the Nisqually are obtained 
some of the best forest views on the route. Almost all the lands of 
the Seattle-Tacoma region except the cultivated river valleys are still 
forested. The dominant forest tree is the red fir, which covers fully 90 
per cent of the heavily timbered area, in places with a stand so dense 
that the sun can scarcely penetrate to the soil. In a narrow strip 
along the coast the dominant species is the Sitka or tideland spruce. 
In the bottom lands, mainly river valleys, the conspicuous trees or 
shrubs are the red cedar, giant cedar, white fir, large-leaved maple, 
Oregon ash, Cottonwood, western dogwood, vine maple, crab apple, va- 
rious willows, devil's-club, and salmon berry. On the gravelly plains 
may be seen theonly speciesof oak growing in the State, the black pine, 
and from spring until the middle of July a carpet of brilliant flowers. 
The material of the terminal moraine southeast of Olympia is best 
exposed in the area surrounding Patterson Lake. The railway cuts 
are not deep, however, and are therefore not very 
satisfactory to the geologic observer. The open 
~"" "™" prairies on the glacial outwash plain (that is, the 

plain formed by gravel washed from the front of the glacier) begin 
uear Kyro. They present a sharp contrast with the dense forests 
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/lacier found an outlet down this valley as far as Centratia and 
tbence went northwestward by way of the Chehalis River vaUey. 

Centralia, about a mite above the mouth of the Skookumchuck, is 
an important railway junction and the center of a large lumber 

industry. The town is also becoming a coal-mining 
Centralia. center, and much attention is given to dairying and 

Elevation Ira feat. to the growing of small fruits, especially strawberries. 
SSSS^J£ L The coal-bearing rocks, of Eocene age, lie east of the 

town. The beds to the west (Astoria shale) are Oli- 
gocene, and are succeeded by still younger formations toward the 



Chehalis. 
Elevation US tat 
Population 4,507. 
Seattle U miles. 



Below Centralia the Skookumchuck enters the broad valley of the 
Chehalis, a river which drains a section of the Cascade Range and 
flows across the Coast Range to the Pacific at Grays Harbor. Two 
railway lines, a branch of the Northern Pacific and a line of the 
Oregon-Washington Railroad & Navigation Co., connect Centralia 
with the coast by way of Chehalis Valley. 

Chehalis is the center of a large dairying district and has a 
condensed-milk factory. A branch line runs west from this place to 
South Bend. The State Training School stands on 
a terrace formed by gravel with soft decomposed 
pebbles, which is well exposed in several street cut- 
tings a few blocks west of the railway station and 
at many other points farther down Chehalis River, 
especially at Satsop. These gravels were deposited during the early 
part of the Pleistocene epoch by the floods from the melting glaciers. 
South of Chehalis the river is joined by Ncwaukum River. The 
valley at their confluence is broad and fertile and contains many 
thriving farms, chiefly on the left. A group of yellow monkey flower 
(Mimulus) brightens the wayside in spring and summer. Other 
plants likely to attract attention are the thimbleberry, with its 
white blossoms; the salmonberry, with its yellow fruit; the pink 
fireweed; the white, plumose, gracefully pendant ocean spray, 
or arrowwood (Sericotheca discolor, PL V, p. 17); and other forms 
growing among larger plants on the wooded slopes. In the more 
open ground the almost omnipresent dandelion in June, with its 
fluffy crowns of seeds, the purple lupine, the red and white clover, 
the white yarrow, and a host of other flowers give the beauty of 
varied coloring to the views in this forest land. 

From Seattle to Portland the great forests of Washington are 
almost continuous. The exceptions are the so-called prairies of the 
outwash gravel plains; the great stretches, bristling with the black- 
ened trunk of many a forest monarch, which the lumbermen leave 
in their wake; and the long alluvial valleys which the farmer has 
cleared and tills. Alder and maple are the usual successors to the 
ire in the valleys. 
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A. SMELT FISHERY ON COWLITZ RIVER NEAR KELSO, WASH. 
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Olequa Creek joins the Cowlitz, on the left, at Olequa stat 
Some hop fields and hop dryers are visible up the Cowlitz. On 

left at the end of the bridge a bluff of colum 
Olequa. basalt (lava) overlies Eocene shales, and the raib 

Elevation 102 tout. passes through a deep cut in this basalt that res 
settle jis mEes. bles the Bergen Hill cut, near New York. At 

south end of the cut, on the left, the Eocene sh 
are well exposed. Much of the lava of this region was probe 
poured out at intervals over the sea bottom while the sediments f 
were later consolidated into sandstones and shales were accumu 
ing, the lava thus becoming interbedded with the coal-beai 
Eocene strata. Later horizontal sheets of lava overlie the til 
coal-bearing beds near the volcano St. Helens, from which t 
issued, but these later lava beds, although some of them probe 
extend for a long distance west of the volcano, are not visible fj 
the railway. 

Toutle Biver is crossed near its junction with the Cowlitz, 
that river, bearing numerous log rafts, may now be seen at m 
places on the right-hand side of the railway. 

At Castle Bock frost is rare. Here are extensive farms am 

the low-rounded hills of the region and some sr 
Castle Bock. orchards of prunes, cherries, and apples. The i 
Ei*vaikra 59 int. way cuts near Castle Bock expose 60 feet of strati 
MthufnuiM. tight-gray sand, forming a terrace whose top hat 

elevation of 120 feet above the sea. 

At Ostrander (see sheet 3, p. 32) logs floated down the Con 

are chained into flat or cigar-shaped rafts for further transpo: 

tion to the mills on the Columbia and elsewh 
Ostrander. T^ place [g noted for the size of the timber tha 

Elevation 4i M. can 8U pply. A sawn stick 215 feet long can be a 

Population J».» rr J , . ^° 

8e»tii« 131 mo™. by the station, and one 44 mches square and 

feet long was prepared for the Chicago exposition 

A few miles beyond Ostrander the railway enters a 1,200-1 

tunnel through a spur of basalt, from which it emerges into a broa 

part of the valley. Small stern-wheel steamers asc 

KeiB0 * the Cowlitz for 17 miles beyond Kelso. The sn 

*tovKi„ a » to*. fisheries (PL VI, A) in the Cowlitz yield about $50, 

Population XM. n /I J l* u V . 

Seattle tag miles. annually. Canned smelts sell here at a cen 

pound, and they are shipped as far east as New Y< 

The Cowlitz Valley contains lignite coal, and some of the sei 

■Biave been worked, hut the decreasing demand for coal due to 

•competition of California oil has put a stop to mining for the pres< 
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Oregon, Idaho, Wyoming, Montana, and Washington, 1,072 power 
wheels were turned by waters of streams in the Columbia River basin 
during that year. 

The most valuable fisheries in the world, except only the oyster 
and herring fisheries, are those supported by the salmon. Of the 
salmon fisheries by far the largest are those of the Pacific coast of 
North America. Columbia River is justly celebrated as having 
afforded more salmon than any other river in the world, and Astoria 
is the chief center of the industry. 

In early days the salmon were merely dried by the Indians. About 
1833 they were first salted in old ram kegs. In 1864 the canning 
of salmon was begun on Sacramento River, in California, and two 
years later on the Columbia, where it has flourished ever since. The 
fish are caught in nets of various kinds, but also, and most effectively, 
in the salmon wheel, which may be seen at many points along the 
shores of the Columbia. By this device, which is kept in motion 
by the stream, the fish are automatically scooped up and thrown into 
a tank. 

From Vancouver the Columbia is crossed by a new bridge more 
than a mile in length. The depth of the river here is 29 feet. The 



>cfore the range wia 
id its channel by wear- 
is rapidly on the whole 
■ose. The larger tribu- 
heir channels also and 
tee which open on the 
The smaller streams, 
an unable to keep pace 
ream in lowering their 
ch the river by plung- 
«falh(Pl.IX). Tribu- 
aed on the sides of a 
jr in this way are called 

ks, in the very axis of 
;c, the river has been 
n a uniform grade and 
falls 50 feet in a series of rapids to the tidal 
portion of the stream. Above the cae- 
tadea the river is ponded, as if the ob- 
struction over which it falls were acting as 
a dam. At one time the ponding was 
more extensive than at present, as shown 
by the occurrence, some miles above the 
cascades, of trees belonging to species now 
living that have been lulled by the water 
*nd partly buried in silts (PI. X, A, p. 28) 
containing their fossilized leaves. 



Three explanations have been sug- 
gested for the occurrence of the obstruc- 
tion at the cascades and the consequent 
damming of the river above them. One 
is that it represents a hump that has been 
produced across the river channel by the 
continued slow uplift of the Cascade 
Range. It is supposed, in accordance 
with this view, that the uplift of the range 
at this place has proceeded a little faster 
than the river could cut down its bed. 
Another and more probable explanation, 
in view of the localized character of the 
obstruction, is that it is due to faulting — 
that is, to movement along a crack in the 
rocks that runs approximately at right 
angles with the course of the river, the 
formation of the crack being followed by 
a slipping of the rocks along it in such a 
way that the country east of it has sunk 
a little or the country west of it has risen 
a little. A third and still more probable 
suggestion is that a large mass of rock has 
slid into the river from the cliffs and thus 
made a dam which has not yet been wholly 
washed away. Not enough geologic work 
has been done in the vicinity to determine 
which explanation is the true one. 
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Basalt bluffs restrict the outlook from the train, but the accom- 
panying section (fig. 6) shows what may be seen above the bluff on 
the left (east), near the quarry and crusher, and along the road to Ely. 
Dr. John McLoughlin, the Hudson's Bay Co. factor, settled here 
and did much for the early settlers and afterward for the town. His 
house is carefully preserved in a park that commands a fine view of 
the river. 

Between Oregon City and New Era, a distance of 6 mites, the Wil- 
lamette has cut a canyon 450 feet in depth across an extensive rolling 
upland on which are many fine farms. This upland is traversed 
by the Pacific Highway, a road from San Diego, Cal., to Vancouver, 
British Columbia. Along the sides of the canyon, at elevations of 
100 to 200 feet above the sea, are remnants of a well-defined terrace. 

These are parts of a former bottom of the canyon, made when the 

river was flowing at a higher 

level. The upland is an old 

erosion surface, and was 

formed, together with the can- 
yon and the terrace (fig. 6), 

while the gorge of the Colum- 
bia was being cut, before the 

falls at Oregon City came into 

existence. The falls have 

since cut back about a mile 

from their first position. In 

comparison with the recession 

:if some falls — for example, 

Niagara, which has receded 

ibout 9 mile3 — this distance is not great, but the rock is hard and 

rives way slowly under the wearing action of the water. 

Near Coalca, at milepost 751, on the left, scarcely visible among 

the trees of the terrace above the train, is Coalca or Balanced Rock, 

which marks the scene of many an Indian council. 

At New Era the railroad emerges from the canyon into a broad 

illuvial valley deeply filled with unconsolidated material deposited 
by the Willamette and its tributaries. 1 Gravel is 

■few En. dredged from the Willamette here and after washing 

^^tto-jOTSte'' an< * screenm £ i 8 delivered, wholly by machinery, in 
bunkers at the railroad ready for shipment. At 

F"ishs Eddy the river impinges from the west against bluffs of lava, 




nit bluff at Oregon City, Oreg. 
a, Stratified gravel and sand; o, stratified coarse Band; 
e, stratified flue loam; material ; d, decomposed basalt 
raaemblmg material of e. These materials are 1 Diet hoes 
noted at Westover Terrace, Portland. They are well 
exposed near the quarry at t lie head of Munroe Street, 
Oregon City, and on the afolaUa road to Ely. 



1 The explanation of the fact that the 
rvillamette between Oregon City and 
few Era flows through a canyon, while 
lorth of Oregon City and south of New 
2ra it occupies broad valleys, is thought 
06289*— Boll. 614—16 8 , 



to be as follows: At a time not definitely 
determined but probably early in the 
Pleistocene epoch a fracture was formed 
in the basaltic rocks near the site of Ore- 
gon City. This fracture had a general 
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mile beyond Gervais patches of bhie toadflax (lAnaria canadensis) 

may be seen in the fields in June. Leas than a 

f * mile farther on, at the right, is a grove of oaks which 

r V Micmm? t ' contrast with the more common fir. 

statu* za mflos. Just north of the town of Brooks is a noted logan- 

Bnoka. berry farm, and during the season the adjacent oak 

Elevation z» feet. woods are white with the tents of the beny pickers. 

awuf^iiS^* ^ e loganberry is a hybrid produced by crossing a red 

raspberry with a species of blackberry. It was named 

for its originator, Judge Logan, of California. 

At Chemawa is an Indian school with good buildings and well- 
kept grounds. It has about 600 students and teaches in a practical 
way many trades and industries, giving most atten- 
cbemawa. tion to agriculture. The results are well illustrated 
HMruipn isafeet. on the school farm. Prune, apple, and cherry 
Imw^mai orchards and berry gardens become more numerous 
as Salem, the State capital, is approached. 
Salem is beautifully situated on Willamette River amid rolling 
kills that yield abundantly all kinds of farm, orchard, and garden 
products. It is in one of the most productive cherry 
districts of the State, and its cherry festival is an 
t. annual attraction. Salem is noted also as a hop and 
'■ prune center. The State buildings are near the rail- 
road on the right, and close to thorn are those of 
Willamette University. The State asylum for the insane and the 
penitentiary, surrounded by beautiful grounds, are about a mile from 
the railroad on the left. 

A short distance west of Salem are some hills of basalt that are 
outliers of the great masses of volcanic rocks forming the Cascade 
Range. A pleasant trip on the Salem Heights electric car, running 
a mile to the south, will enable the traveler to see the lavas at 
many points and to obtain an excellent view of the city among its 
trees. 

On leaving Salem for the south the railroad follows the valley of 
Mill Creek to Turner. The basalt hills just mentioned are on the 
right. Two miles from Salem, on the same side, is the Asylum for 
the Feeble Minded. On the left is the broad alluvial valley of Mill 
Creek, and a few miles farther along the State Industrial Training 
School for Boys, which stands on a hill that appears to be basaltic. 
Where the railroad rounds the basalt slopes on the right the bright- 
yellow monkey flower (Mimulus) borders the track in June, and at 
that season there is a wealth of flowers on every hand. The goldenrod 
(Solidago) appears even as early as the end of June, and among the 
Sfnall trees is the attractive madrona (Arbutus mmziesii), with its 
brown bark and fresh, glossy evergreen leaves. 
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For 19 miles south of Albany the railroad runs through a highly 
productive grain and hay country. Oats and wheat are the principal 
grains produced and clover is grown, chiefly for seed. Vetch is sown 
with grain to some extent to make hay, but most of the hay crop is 
made from native grasses, which are cured and baled for market. 
From Albany Junction to a point a few miles south of Halsey, a 
distance of about 20 miles, the track runs due south as the crow flies. 
The station called Tangent is a few miles south of Albany Junction. 

At the little town of Shedd (see sheet 5, p. 40) there is a creamery 
and also a flour mill. On the left (east), 2j miles away, is Saddle 
Butte, a volcanic cone from which basaltic rock is 
Shedd. obtained for use in road making. A number of these 

Eto ™ Uoa2B0 *J lt - cones, each marking a volcanic vent, probably of 
Eocene age, rise near the valley border. They are 
surrounded by alluvium washed into the valley, and a little cone 
between Shedd and Saddle Butte is nearly buried by these uncon- 
solidated valley deposits. 

About 6 miles beyond Halsey, in the vicinity of Alford, near mile- 
post 667, good views can be had of the irregular crest 
of the Coast Range on the right and the foothills of 
the Cascade Range on the left, 
population 3i7. Harrisburg lies between Muddy Creek and the 

seaide 283 mii«. Willamette, in a country where shifting meandering 
streams, with many islands, make hard problems for 
Harrfabnrg. the agriculturist. As a preliminary step to the work 

Ei*vuiioD 33d feet. of reclamation by drainage, the Federal and State 
SB^s^mOn governments are cooperating in making large-scale 
topographic maps of this part of Willamette Valley. 
Near Junction City fields of grain and hay abound and 
■me on ty. flowers adorn the roadside. Just beyond the station on 
{5jT2 aUo ^^ et- the left (east) the little blue toadflax shines out. In 
smttic 2ae mDea. June the bright blue, purple, or white chicory, the pink 
malva, and the yellow poppy give beauty to the scene. 
Irving. In the vicinity of Irving groves of English walnuts 

Elevation 4» km an d orchards of apples, prunes, and peaches, with 
Population 807* large patches of loganberries and other small fruits, 
alternate with fields of wheat, oats, corn, and grass. 
Beyond Irving the hills begin to close in on the valley 
from both sides. 

As the train enters Eugene, an attractive city at the head of the 
wide part of Willamette Valley, Skinner Butte, which rises 260 
feet above the track and has a quarry on its north 
Eugene. slope, is seen near by on the left. The well-marked 

Elevation «3 feet. columnar structure of its basalt is clearly visible 
seuatwsIC an< l illustrates the character of many of the buttes 
farther north in the Willamette Valley. AH these 
buttes are composed of solid basaltic lava and appear to be the 



of Willamette River and in a climb of 20 miles surmounts the low 



miles now the route is in the area of generally hilly country which, as 
noted in the preliminary sketch of the region, separates the Willamette 
Valley from the Great Valley of California and links the Oregon Coast 
Range and Klamath Mountains with the Cascade Range and the 
Sierra Nevada. From Eugene nearly to Greens, a distance of 80 
miles, the route traverses Eocene sedimentary or eruptive rocks 
except where these are covered by alluvium. 

At Goshen basalt forms the hill directly opposite the station and 
extends at least to Spencer Butte, a prominent peak of the same 
material, which soon comes into view on the right 
(west). Between Mathews and Creswell is a wide 
stretch of alluvial plain on which are young orchards 
of a great variety of fruit trees. From Goshen south- 
ward the valley narrows to Walker, being bounded on 
the left (east) by the end of a bold spur of lava from 
?"™ u *>f w *•*■ the Cascade Range. The low hills on the right consist 
HemtieMi miiw. mainly of sandstones and shales, of Miocene age, but 
at one point a mile east of Saginaw basalt occurs on 
the right and is crushed for road material. 

A branch line from Cottage Grove runs up Row River into the 
Cascade Range, toward the Bohemia mining district, which has pro- 
duced gold for many years. Gold was discovered 
here in 1858, and the total production has been be- 
Etontitm 67i met. tween 1300,000 and $400,000. The gold-bearing 
swtuTsMmiim quartz veins of this district traverse Tertiary lavas. 
Quicksilver ore occurs at several places in this region, 
and an attempt has been made to mine it at Black Butte, on the Coast 
Fork of the Willamette 17 miles south of Cottage Grove. 

The Southern Pacific Co. has a plant at Latham for treating wooden 
railroad ties with chloride of zinc to increase their durability. This 
treatment is called burnettizmg, from Sir William 
Burnett, who patented the process. Without treat- 
ment the ties last about six years, but when hurnett- 
ized they last eight years. Dated nails are put in all the ties, of 
which more than 3,000 are treated daily. 

Leaving the Coast Fork, the railroad ascends a branch valley to 
the low pass across Calapooya Mountain that separates the drainage 
basin of the Willamette from that of the Umpqua. 
Dividf. Calapooya Mountain is the most northerly of the 

Bwuioo 77» fcet. transverse ridges from the Cascades to the Coast 
Range and is composed of Eocene sediments and 
intrusive igneous rocks succeeded on the east by later Tertiary lavas. 
The terraced slopes of this pass suggest that formerly Umpqua River 
flowed through it and joined the Willamette. In the course of time, 
however, its waters found a shorter way through the Coast Range 
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At Drain the railroad crosses Elk Creek and enters a gorge cut in 

hard basaltic rock, illustrating the fact, already pointed out, that 

where the rock is hard erosion is slow and the stream 

Drain. valleys are narrow, hut where the rocks are soft, as 

* north of Drain and near Yoncalla, erosion is more 

rapid and the streams readily widen their valleys. A 

stage line from Drain down Elk Creek and the Umpqua 

reaches tidewater at Scottsburg, about 25 miles from the coast. 

Near milepost 606, on the right (west), is a mineral spring (Bozwell 
Spring). 

From Yoncalla Valley (see sheet 6, p. 46) grain fields, orchards, 
and flowered pastures sweep up the gentle hillsides. 
Many of the hills in this vicinity are composed of 
'■ Eocene sediments, but some may have been carved 
saautosumOM. from basaltic lavas. The rocks to he seen on the 
long ascent to Rice Hill are largely shale and sand- 
^^ stone, but include a small mass of basalt. At the 

£ZZ£w> 7 J£t summit early in June are golden fields of St. John's 
wort (Hypericum), locally called goat weed. 
Half a mile north of Oakland the railroad crosses Calapooya 
Creek, just beyond which, on the left, is a small lens of impure lime- 
stone of Eocene age that contains great numbers of 
Oakland, fossils. To the right, beyond the station, can be had 

Elevation *w feet, a view of Tyee Mountain, a part of the Coast Range. 
s^mie Ms'iniko Tins ran g e a more even crested here than it is farther 
north. Turning to the left the railroad goes through 
a sandstone ridge, near which are some tile works, and comes out 
on the flat valley called Camas Swale, where the thriving town of 
Sutherlin has recently sprung up. Camas Swale was once occu- 
pied by Calapooya Creek, but long before man had 
Sutberiin. aQ y ^^fledge f t^ region the creek deserted this 

Elevation 5« feet. valley for its present course, north of Oakland, rejoin- 
ing the old channel just below Stephens. Man has 
since compelled part of the water of the creek to return to the old 
valley, where it is used for irrigating numerous thrifty orchards and 
productive fields. To the west may be seen the Coast Range and, 
nearer at hand, the entrance to the crooked canyon through which 
Umpqua River runs northward to the mouth of Elk Creek, west of 
Drain, before turning to the sea. South of Camas Swale, to the left 
(east) of the track, are prominent hills of Eocene sandstone. Near 
Wilbur the sandstone is accompanied by masses of a rather coarse- 
grained basaltic rock called diabase. This rock is believed to have 
been forced in a molten condition through the sand that was later 
consolidated into the Eocene sandstone while that material was being 
deposited on the sea bottom and to have been in turn covered by 
t»ore sand. During the pbriod of eruption deposits of tuft, made up 
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The hills at Green are smooth and rounded and for the roost part 
without trees. The rocks of which they are composed are of Meso- 
zoic age, mainly sandstones and shales, with some conglomerate. 
These rocks are greatly crushed along a belt running northeastward. 
Southwest of Green station they are associated with a schist com- 
posed largely of the beautiful blue mineral glaucophane. This 
mineral, which is a rather rare variety of hornblende, is found in 
only a few parts of the world outside of Oregon, Washington, and 
California. With the glaucophane schist near Green occur a green- 
ish mica schist, some flintlike rocks commonly called cherts, and a 
greenish igneous rock, referred to as greenstone, which has been so 
much altered that its original character is in doubt. The best 
exposure of the blue schist is three-fourths of a mile southwest of 
some farm buildings on the right (west) at milepost 567. 

This is the only area near the Shasta Route in which these crystal- 
line schists occur. On the other hand, the sandstones and shales 
with which the schists are associated occupy a large area that is 
traversed between Green and Dole, a distance of about 13 miles. 

At Caraes, nearly 1J miles beyond Green, there is a view to the 
left up Roberts Creek to Dodson Mountain, a prominent peak stand- 
ing 3,235 feet above sea level. In the distance are some outcrops 
of a limestone which is used for lime and cement. 

At milepost 565 the South Umpqua is reached again by the rail- 
road, which follows its right (east) hank. Along the stream the 
crushed sandstones and shales are well exposed to view. 

Between Dill&rd and Dole the river cuts through a ridge, thereby 

making many fine exposures of the sandstones and shales. 

Fossils have been found at many places in the 

i™ 8 ™** belt of rocks just traversed, but opinions differ 



nS **«- as to whether the rocks are all Cretaceous or in 

part Jurassic. 

From Dole (Ruckels post office) may be seen ahead, on the left, two 

ridges — one wooded, the other bare. The absence of trees on the 

second ridge is due to the fact that it is composed of 

serpentine, a rock containing much magnesia and 

StudsMQndia^ yielding an unfertile soil. Serpentine is an altered 

form of certain igneous rocks that are as a rule dark 

and heavy and contain more magnesia and iron than ordinary 

igneous rocks. Their characteristic mineral is olivine or peridot, and 

on this account they are called peridotites. 

At milepost 553 the serpentine, which forms a belt more than a 
"Xile in width, is visible close at hand. At milepost 551.4 it is cut 
*^ dikes of porphyry, an igneous rock containing crystals that are 
Noticeably larger and more distinct than those which make up most 
^C the rock. 
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Oregon give bo impressive an air of per- 
manence and solidity that it seems as 
il the conditions HOT found there must 
have been unchanged from the beginning 
of time, yet we have but to turn to the 
study of the vegetation entombed in the 
rayside rocks to prove conclusively that 
during Jurassic time the land was clothed 
with a flora totally unlike that which now 
coven it. In the Jurassic period, whose 
antiquity can be measured only in mil- 
lions of years, the dominant types of 
vegetation were ferns and cycads, which 
cere accompanied by smaller numbers of 
conifers, horsetails, and the curious 
ginkgo. The types dominant in the flora 
of today are the monocotyledons (grasses, 
eedges, lilies, palms, etc.) and the still 
more abundant dicotyledons (oaks, elms, 
maples, etc.), but so far as we know no 
plants belonging to either of these great 
groups existed in Jurassic time. 

A few miles southwest of Riddle there 
has been found a flora of about 70 species, 
making this one of the richest localities in 
the world for plants of Jurassic age. Of 
these species about 20 are ferns, 30 are 
cycads, and 10 are conifers, and the 
remainder belong to a number of more or 
loe doubtful groups. 

The largest number of ferns belong to 
the extinct genus Cladophlebis, mainly 
rather small feme with much-divided 
fronds. Another wholly extinct form is 
Tsniopteris, which has long, narrow 
fronds similar in type to the grass fern, 
dow found in this country only in Florida. 
Adiantites is believed to be one of the an- 
'■asions of the maidenhair ferns, of which 
there are many living species. There 
are also three that are thought to belong 
to living genera — Dickeonia, which is not 
now found in this country; Polypodium, 
rtiehisnowa very large, mainly tropical 
poup, though a few small species are 
found in temperate lands; and Thyrsop- 
toie, a fern with finely divided fronds, 
the only living representative of which is 
a species in the island of Juan Fernandez. 

The cycads were not only the most 
abundant as regards different kinds but 
m individuals as well, some collections 



containing literally hundreds of speci- 
mens. They all belong to extinct types, 
and many of them were evidently large 
plants, probably with thick stems or pos- 
sibly with trunks, at the top of which grew 
large compound leaves disposed in a 
circle or crown. 

One of the most abundant and con- 
spicuous plan ts of this flora was the ginkgo, 
of which four or five species have been 
found here. The ginkgo is now repre- 
sented by a single species in China and 
Japan, where it is a more or less sacred 
tree, found about the temples. It is not 
certainly known to exist in a truly wild 
state anywhere. This tree has had per- 
haps a more wonderful history than any 
other now living. It appeared at least as 
early as the close of the great Paleozoic 
era, and by or even before the Mesozoic 



era it had waxed mighty and had spread 
over most of the world except the ex- 
treme southern hemisphere. It has come 
down to us so little changed that some of 
the leaves from the Jurassic rocks of Ore- 
gon, apart from their fossil character, are 
distinguished with difficulty from those 
of the living tree. (See fig. 8.) Had it 
not been for the fostering care of man the 
genus would apparently have become 
extinct several centuries ago. 

Associated with the ginkgo leaves in 
many of the Jurassic deposits of Oregon 
are a few branchleta of strange conifers, 
such as Sphenolepidium, Pagiophylhim, 
and Brachyphyllum; also a few forms 
that are referred with more or leas un- 
certainty to living genera, such as Pinus 
(pine), Sequoia (redwood), Araucaria, 
and Taxitee (yew). 
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Northwest of Glendale there are two prominent peaks of green- 
stone — Grayb&ck, 4,033 feet above the sea, and Panther Butte, 3,517 
feet. On leaving Glendale the train passes over a 
Gkadftle. mass of siliceous reddish lava (rhyolite), and beyond 

Hnatiai l.isT feet, this is the greenstone that forms the divide between 
feaniewmta. Umpqua and Rogue rivers. The crest of the divide 
also forms the boundary between Douglas and Jose- 
phine counties. The dividing ridge is penetrated by a straight 
tunnel (No. 8), 2,828 feet in length and 420 feet below the summit. 
The basin of Rogue River is traversed by the railroad to the summit 
of the Siskiyou Mountains, a distance of 93 miles. Beyond the 
tunnel the railroad descends by a long sweeping curve into the 
Wolf Creek valley. 

The station of Wolf Creek was formerly one of the hostelriee 
on the old California-Oregon stage line. The small 
Wolf Creek. power house on the left (south) is the northernmost 

Eimuon 1,319 int. station on the power line from Gold Ray, 50 miles 
8«ni« «s mJko. ahead on the edge of the Rogue River valley; Wolf 
Creek runs through a gold country, and in the early 
days many gold placers were worked in this vicinity. 

Much of the primeval timber along Wolf Creek has been pine 
and oak, but madrona and other broad-leaved trees are now taking 
the place of the conifers. Buck brush (Ceanoth/aa velutinus), with 
its broadly ovate or elliptical shiny leaves, and tree myrtle (Ceanothus 
sorediakus) , with its small oblong ovate light-green leaves, are common 
in the thickets of chaparral in southern Oregon. Blue brush or 
California lilac (Ceanothus thyrsijlorus), with its tiny leaves and 
Hue to white lilac-like flowers, which are good for cattle, soon appears 
m increasing numbers. By the roadside in June plants of the so- 
called Oregon grape or Mahonia (Berberis aquifolium), the State 
flower of Oregon, are full of bluish berries. 

At milepost 497 the railroad crosses Grave Creek close to a placer 
Mine, where water-supply pipes for hydraulicking and the gravel 
dumps left from former operations can be seen. Beyond Grave 
Creek is a broad belt of slates, probably for the moat part Mesozoic. 
*™ name Grave Creek is suggestive of the old rough days of gulch 
"lining, and the gravels along the creek did in fact yield considerable 
gold to the early placer miners. The metal in the placers is thought 
to have been derived by erosion from the Greenback lode, on the 
wide north of the creek. This lode was worked years ago, but the 
"WW is now idle. 
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quarries in the deeply disintegrated granodiorite, which is used by 
the railroad as a substitute for gravel about its stations. 

Grants Pass, named after Gen. U. S. Grant, who as a captain quelled 
an Indian uprising on Rogue River in the early fifties, is the seat of 
Josephine County and the mining center of south- 
western Oregon. Prom 1903 to 1012 the placer 
mines of this part of the State (PI. XIV) produced 
$2,014,715 in gold, and the vein or lode mines 
$1,523,226. A stage line runs from Grants Pass 
through Kerby and Waldo to the coast at Crescent City, and a railroad 
to the same place is now under construction. 

Grants Pass is the point of departure for a visit to the Oregon 
Caves, the largest caves known on the Pacific coast. The caves are 
about 25 miles nearly south of Grants Pass and may be reached by 
automobile and trail. They have been formed by the solution of 
limestone and are ornamented by a great variety of beautiful stalac- 
tites and stalagmites (PI. XV, B) composed of carbonate of lime 
deposited by water. These caves have been set apart by the Federal 
Government for preservation as a national monument. 

Two miles beyond Grants Pass, at the eastern edge of the grano- 
diorite area, is obtained the first near view of Rogue River, the largest 
stream of southwestern Oregon. Its water, derived in part from the 
snows about Crater Lake, is usually clear. The railroad for 20 miles 
upstream follows its valley, which is in places a canyon, but is gener- 
ally wide enough to contain some tillable bottom land. The rocks 
through which this narrow valley has been cut are Paleozoic in age — 
much older than any rocks that have hitherto been seen along the 
route. They comprise slates, limestones, and greenstones and, like 
the Do than and Galice formations, already noted, have been so 
folded and faulted that the Paleozoic rocks are thrust over upon the 
much younger Galice formation. These Paleozoic rocks resist erosion 
better than the granodiorite, and therefore the valley cut through 
them by Rogue River remains narrow. 

At 3$ miles east of Grants Pass, on the left (north), behind a little 
hill of granodiorite on Bloody Run Creek, is the Golden Drift placer 
mine, now idle. About 5 miles farther north is another small 
intrusive mass of granodiorite, about which are some small mines on 
gold-bearing quartz veins. 

From milepost 469.4 up the river the Savage Rapids are in view. 
Old Baldy and Fielder Mountain, peaks of greenstone, stand out 
prominently on the left (north) from the point where the railroad 
crosses the line between Josephine and Jackson counties (milepost 
469.1). 

96286*— Boll. 614— IB 4 
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.t Rogue River (formerly called Woodville) are fields of com anil 

wheat and young orchards. Nearly opposite milepost 
ie Rf»«. 4 g 2| on (j^ right, (south) Bide of the river, is the mouth 
tioQ 1,02s faet. f Foots Creek, whose gravels have for years been 

worked for gold. 
t milepost 458, in the outskirts of Gold Hill, there are a lime- 
ie quarry and a cement plant. The limestone is a lenslike mass 

in a belt of slate more than a mile wide, which mar 
Hill. be traced to the southwest for a long distance and 

uoni,iD8iBBt. contains numerous similar lenses of limestone. Fos- 
ffWiJUnw sils are rare in this limestone, but those found suggest 

Carboniferous age. Other limestone lenses, farther 
t in the area of Paleozoic rocks and not exposed on the railroad, 
tain fossils of Devonian age. Therefore the Paleozoic rocks of 
region are in part Devonian and perhaps in part Carboniferous, 
ogue River is crossed just beyond Gold Hill, and the river bed 
rds a near view of some of the greenstone, which at this place is 
rly made up of fragments of volcanic rock. The greenstones 
iciated with the slates and limestones are in fact old lavas, partly 
red out molten and partly blown out in fragments from volcanoes 
t were active in Paleozoic time. These lavas, originally black or 
r, have become greenish through the slow changes of age. As 
be seen later, these Paleozoic slates, limestones, and greenstones 
re up much of the Klamath Mountains. 

fter crossing the river the railroad turns northward opposite the 
from which the town of Gold Hill was named. This hill, which 
,640 feet above sea level, consists of greenstone and serpentine 
1 which has been intruded some granodiorite that now forms the 
x>p. Small "pockets" of rich gold ore were found here in earij 
s. 

■etween mileposts 464 and 453 there is much of a coarse-grained 
1 rock composed chiefly of the mineral pyroxene (an iron- 
jnesiura silicate) and called pyroxenite. This is an igneous 
usive rock and was probably very closely related to the rock that 
he course of time changed into the serpentine of Gold Hill, 
ortheast of Gold Hill, just across the river from the railroad, b 
le Rock (PI. XV, -4), named from the flat black capping of basalt, 
ah is part of a flow of lava that long before historic times spread 
r this region from some volcano in the Cascade Range. The la>» 
ed over comparatively soft beds of shale, sandstone, and con- 
aerate of Cretaceous and Tertiary age. Afterward erosion rui 
>ugh the lava in places and attacked the softer rocks underneath. 
Table Rock, with its protective capping, remains and shows ho* 
:b has been washed away around it. 

cyond Table Rock the country opens out into that part of the 
ey to which the name Rogue River valley is especially applied. 
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The valley lies between the Klamath Mountains on the west and the 
Cascade Range on the east. The highest point in view in the Cascade 
Range is Mount McLoughlin (9,760 feet), named after Dr. John 
McLoughlin, of the Hudson's Bay Co. The mountains are composed 
of relatively hard rocks, but the granodiorite and the Cretaceous and 
Tertiary sedimentary rocks that underlie the fertile fields of the valley 
are comparatively soft. This difference in hardness has enabled the 
river and its tributaries to carve out a wide, Hat-bottomed valley. 
The sedimentary rocks of the valley lie in beds sloping eastward under 
the lavas of the Cascade Range, but they overlie the older rocks of the 
Klamath Mountains, including the granodiorite, and once extended 
much farther west. It will be noticed from the cross section (fig. 9) 
that the Cretaceous beds dip at a different angle from the slates of 
the Klamath Mountains and that, if they were restored to the west, 
they would lie across the upturned edges of the slates. This relation 
is known to geologists as an Klwnath foothiii* a 

unconformity. **» Rogue ri 

The train turns up the south- 
east arm of the valley, drained 
by Bear Creek, which joins 
Rogue River near Table Rock, 
and passes through Tolo (ele- 
vation 1,196 feet, 452 miles 
from San Francisco) and Cen- i»vaoics«oaa»Raiig». 
tra) Point, (elevation 1,290 feet, 446.7 miles from San Francisco), where 
the traveler may see fine fruit orchards (PI. XVI) and grain fields, 
before arriving at Medford. 

Medford, the chief town of the Rogue River valley, is rapidly grow- 
ing in consequence of its relation to the fruit industry of the valley, 
the mining region of the Klamath Mountains on the 
west, and the forests and resorts of the Cascade Range 
on the east. From Medford the traveler may continue 
on the main line or make a detour, partly by automo- 
bile stage, through Crater Lake National Park, return- 
ing to the main line at Weed, Cal. The beautiful scenery of this side 
trip will amply repay anyone for the additional time it requires. To 
those interested in geology or in the ways by which mountains and 
valleys have come to their present forms the Crater Lake route will 
prove exceptionally interesting. 

From Medford a short branch line (the Rogue River Valley Rail- 
road) runs west to Jacksonville, and from Crater Lake Junction, a 
mile north of Medford, the Pacific & Eastern Railroad extends for 33 
miles toward Crater Lake. 

[The itinerary southward from Medford is continued on p. 66.) 



Frausi 9.— Sect Ion of Ramie River valley near Phoenix, 
Ores;, e, Slates, limestones, and lira o( Paleotoki 
(Carboniferous T) age; b, granodiorite; c, Cretaceous 

, uml Bhale (Chlco formation); 



Elevation l„Wl *»t. 
Population a,**- 
Seattle su mum. 



r 1 



1911] 



52 GUIDEBOOK OF THE WESTEBN UNITED STATES. 

MEDFORD TO WEED VIA CBATER LAKE. 

The distance from Medford to Crater Lake by automobile stage is 
79 miles. The first 20 miles lies through orchards, mainly of applea 
and pears, over gravel plains spread out by the streams as thoy issuo 
from the mountains, and through foothills where the sandstones and 
shales (Eocene to Miocene) of tho valley dip eastward under the lava 
flows of the Cascade Range. 

At 31 miles from Medford the road crosses Rogue River, and thence 
for 16 miles, to tho mouth of Mill Creek, it follows the north bank of 
the river through a deep canyon. From tho roadway may be bad 
good views both of the canyon and the uplands bordering the wider 
valley to the west. 

Near Prospect (elevation 2,780 feet) Rogue River is again crossed 
at the head of its canyon. Here the river in a quarter of a mile falls 
325 feet in a series of cascades, at the foot of which Mill Creek, in a 
fall of great beauty, 150 feet in height, joins Rogue River. Near 
Prospect the primeval forest begins, and for miles the smooth road 
built on terraces of lava affords fine forest views. 

At Union Creek, 58 miles from Medford (elevation about 3,500 feet), 
there is a delightful camping place near Natural Bridge and Union 
Falls. The Union Falls are really cascades over some black lava 
(basalt), and there are similar cascades at Natural Bridge, a little 
farther downstream. These cascades came into existence in lie 
following way. In late geologic time (Quaternary) a lava flow came 
down the bed of Rogue River with scant regard for previous water 
rights. When the lava had reached a point about a quarter of a mile 
below Natural Bridge it cooled and stiffened sufficiently to stop. 
The basalt still shows tho ropy forms in which it congealed and the 
bubble cavities or vesicles formed by the steam that nearly all lava 
contains. Shortly afterward a second stream of lava came down on 
top of the first but did not run quite so far. The river now reoccupied 
its bed as well as it could and at first cascaded over the ends of the 
lava flows. In course of time it wore back gorges, 60 feet deep, in 
the basalt, and it is still busy at the same task. At Natural Bridge 
the stream has discovered and doubtless enlarged an old tunnel such 
as is often formed in lava streams by the continued flowing of the 
deeper molten material after a solid crust has formed above it. 

Ten miles beyond Union Falls is tho entrance to Crater Lake National 
Park. The lake is deeply set in the crest of the Cascade Range, the 
surface of the water being at an altitude of 6,177 feet. It is encircled 
by a cliff from 500 to nearly 2,000 feet high. From the top of this 
cliff the ground slopes away gently on all sides, bo that the lake partly 
fills a great cup or pit in the summit of a broad conical mountain. 
This comparatively low mountain is all that remains of a once mighty 
volcano, Mount Mazama (PI. XVII, A), In all probability no human 
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eye ever looked upon this peak, but geologists know that it existed 
and that glaciers crept down its flanks and gouged out its canyons. 
Through some cause unknown this mountain collapsed — its top fell 
in, leaving the hole now occupied in part by the lake, 2,000 foot deep. 
Wizard Island (PI. XVII, B) is a small volcanic cone built up from 
the bottom of the pit and now probably extinct. From it may be 
had superb views of the cliffs that surround the lake. The sky line 
of these cliffs shows U-shaped notches (PI. XVIII, p. 54), which are 
sections of the glaciated valleys that formerly headed high up on 
Mount Mazama. 

From Crater Lake Lodge, situated on the rim 1,000 feet above the 
lake, excursions may be made to many places of interest, especially 
the glaciated valleys of Sun and Sand creeks, the great pumice- 
covered flow of Llao Rock, and the latest lava flow of all, at Rugged 
Crest. A trip by boat to Wizard Island and around the lake gives 
the visitor an opportunity to fish and to see the materials of which 
the great volcanic cone was built and the way in which these have 
been piled up in successive layers. 

From the lake to Chiloquin, a station on the Southern Pacific Co.'s 
new line from Weed, Cal., via Klamath Falls, the distance is 35 miles. 
This new line is intended when complete to be the main line between 
Weed and Eugene, Oreg. From the lake to Klamath Falls by the 
automobile road the distance is 65 miles. From the point whore the 
road leaves Crater Lake the view over the broad platform of the Cas- 
cade Range (PI. XIX, p. 55) includes the great cones of Shasta and 
Pitt, with many others, largo and small, each once an active volcano. 
The descent from the rim of Crater Lake is at first very steep over 
a moraine (the bowldery deposit left in front of a glacier) to the groat 
spring at the head of Anna Creek. The road affords fino views of the 
canyon of Anna Creek, cut deep in volcanic ejecta. Near its head the 
rocks have been eroded into cigar-shaped pinnacles and farther down 
systems of parallel cracks in the rocks (jointing) give striking columnar 
effects. Chi the oast, across Anna Canyon, stands Crater Peak (7,265 
feet), ono of the outlying basalt cones built up on top of the flows of 
andesite that made the bulk of Mount Mazama. After flowing 
through some finely forested, gently sloping country Anna Creek 
enters upon the broad alluvial plain of upper Klamath Lake. 

Fort Klamath, on the western border of the Klamath Indian Reser- 
vation, is now only a small village but was an active Army post at the 
time when military force was necessary to keep the Indians in order. 
Several of the old fort buildings are still standing. Here it was that 
the notorious chief known as Captain Jack was tried and hanged for 
the part he played in the Modoc war, the scene of which was among 
the lava beds about 60 miles southeast of Fort Klamath. The Kla- 
math Indian Reservation contains much fine pasture and farm land, 
as well as forest, and many of the Indians are engaged in agriculture. 
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A few miles from the fort are the well-kept buildings of the Klamath 
Indian Agency. 

Wood River, the clear, cold stream that supplies the fort and 
agency with water, rises on a fault whose course is-marked by a promi- 
nent bluff leading up toward Crater Lake. The water of the river 
may possibly be derived in part from the lake by underground flow 
along the fault fissure. 

Five miles beyond the agency is Chiloquin, a small village on Wil- 
liamson River. The water of Williamson River, though clear, has 
the brown color characteristic of streams that drain swamps. This 
river is noted for its trout, but the Sprague, into which it empties 
half a mile below Chiloquin, is turbid and contributes to the muddi- 
ness of upper Klamath Lake. 

At the crossing of Sprague River an excavation for a ditch reveals 
bright-colored lake beds, which evidently underlie the soil of the 
plain. Modoc Point, on the northeast side of Upper Klamath Lake: 
is part of a bold bluff of dark lava (basalt) lapped by the waters of the 
lake. The bluff marks the course of a northwesterly crack along 
which the rocks on the southwest side have sunk or those on the north- 
east side have risen — in other words, the lavas are faulted. The 
bluff is part of the southwest edge of a block of the earth's crust that 
has been tilted toward the northeast. The effect of the fault has 
been to form the hollow, deepest on the northeast and shoaling to the 
southwest, in which the lake lies. There are other faults of the same 
kind and general direction in southeastern Oregon, and a number of 
these have produced lake basins. 

From Modoc Point Mount Pitt (9,760 feet) may be seen by looking 
west across Pelican Bay. To the south, across the main lake, 
appears the snowy peak of Shasta (14,350 feet). 

The Plum Hills, near Algoma station, have been carved by erosion 
from an uptilted fault block such as has just been described. The fault 
fissure runs along the west base of the hills. Dipping east under the 
lava which forms the upper part of the hills are some fine, thin-layered 
beds which were deposited in a lake that existed before the lava waa 
erupted. 

Klamath Falls (elevation 4,120 feet), at the outlet of Upper 
Klamath Lake, is a thriving town, to whose growth the new through 
line of the Southern Pacific, now under construction, and the great 
Klamath reclamation project of the Government have given added 
impetus. The Klamath Basin, which lies partly in California and 
partly in Oregon, embraces several thousand acres. Much of the 
land to be reclaimed and irrigated was covered by lakes and marshes, 
but the waters are being drained off and the land, divided into farms, 
is being irrigated by the Government canals. About 30,000 acres are 
now under irrigation, and when the system is completed it will 
include 72,000 acres of irrigable land. Practically all the uplands, 
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which comprise the greater port of the area, are privately owned, a 
portion being in large holdings which, under the terms of the recla- 
mation act, must be subdivided into tracts of not more than 160 
acres and sold to actual settlers. The public lands, including much 
of the lake areas, are at present withdrawn from entry but will later 
be opened to homestead entry. 

Beyond Klamath Falls the railroad crosses a great area of tule 
(toolay, the Spanish name for a species of rush (Scirpvs laev&trk) 
common on the swamp lands of the Pacific coast). The reclamation 
of this area is part of the Government project. On the right is 
Klamath River, and beyond is the gap in the Cascade Range through 
which the river makes its way. A flow of comparatively recent lava 
in the gap has formed a dam which by ponding back the river has 
contributed to the formation of the lakes and swamps of the country 
now being traversed. 

At Midland, among the marshes, the traveler enters a national bird 
reserve, where ducks, geese, and many other waterfowl are abundant 
and are secure from molestation. Near Worden, which lies among 
low lava hills, apple orchards and fields of grain appear as if by magic, 
surrounded by sagebrush and cedars. 

By several tunnels through ridges composed of bright-colored beds 
of tuff (lava particles thrown out by the explosive action of volcanoes) 
Dorris (elevation 4,238 feet) is reached. Beyond it are other small 
towns surrounded by hay and grain fields. The hills become better 
wooded as the Cascade Range is approached. The eastern front of the 
range, as seen from Macdoel (elevation 4,256 feet) and Mount Hebron 
(4,237 feet), is so abrupt as to suggest that this part of the range may 
have been uplifted above the country to the east by a fault. The 
region about Mount Hebron is a fine cattle country. Forests become 
more conspiouous at Jerome, where the railroad crosses a low divide 
between the drainage basins of Butte Creek and Little Shasta River. 
At Kegg there is some well-stratified dark volcanic material that 
is widely used for railroad ballast. This material, somewhat re- 
sembling cinders, was blown out from some volcano. Such frag- 
ments of cindery lava are known as lapilli (little stones). The rich 
green pastures of the small valleys of this part of the route are bright 
with flowers and dotted with contented cattle. They are surrounded 
by dark forests of yellow pine (Pinus ponderosa), which is now being 
extensively cut for lumber. 

From Bray (elevation 4,648 feet) may be seen Goose Nest Moun- 
tain (see sheet 8, p. 64), on the right (west), directly across tho 
valley. Another low divide (5,078 feet) is crossed, and Grass Lake, 
surrounded by swampy pastures of green and yellow grass, comes 
into view. This country drains westward through Little Shasta 
River to Shasta Valley. From Pineland the road descends toward 
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Mount Shasta, with the rugged cliffs of Sheep Rock on the right. 
These cliffs are composed of dark lavas and tuffs, which dip east. 

Mount Shasta continues in sight for many miles. The moat im- 
pressive view is obtained from the station called Mount Shasta. The 
mountain has two summits. The higher one, on the left (14,330 
feet), is that of Mount Shasta proper; the lower one (12,433 feet) is 
Shastina. Whitney Glacier lies between the two peaks and is over 
2 miles long. A prominent gray pile of bowlders and gravel, clearly 
in view at the lower end of the glacier, is its terminal moraine, 
Mount Shasta above a level of 4,000 feet is composed of lava, chiefly 
a kind containing less silica and generally lighter in color than basalt, 
known as andesite. There are a few basalt cones about the base of 
the mountain. Near milopost 364 are some light^gray hills known 
as the Haystacks, composed of sedimentary and intrusive rocks like 
those of the Klamath Mountains and forming, as it were, an island in 
the sea of lava. 

About 5 miles beyond the Haystacks, on the right, is a steep little 
valley formed by a caved-in lava tunnel. When the supply of lava 
is cut off at the close of an eruption the molten interior of a flow 
continues to move down hill under its hardened crust, leaving tunnel- 
like caves which may be a mile or more long. 

Beyond this valley is a gravel deposit made by Whitney Creek, 
which is fed by Whitney Glacier. The creek has cut a deep canyon 
for several miles below the glacier, but before it reaches the point 
where the railroad crosses it the stream becomes overloaded with 
gravel and has to drop part of its load. In summer the creek dis- 
appears in the porous gravel deposit. 

The flows of lava that once poured down the sides of Mount Shasta 
end in bluffs around which the railroad swings to Weed. 

MAIN LINE FROM MEDFORD SOUTHWARD. 

Southeast of Medford the valley narrows, and at Talent low foot- 
hills of Cretaceous rocks are close to the railroad. The gravels formerly 
worked in the placer mines seen along here on the 
Phocnii. right (southwest) are for the most part of Quaternary 

Elevation i,sm tot. age. Some gold, however, has been obtained from 
seMitoMSmites. a Cretaceous conglomerate whose pebbles were derived 
directly from the still older rocks on which the eon- 
glomerate rests. The best known of these placers are those of the 
Forty-nine group, near Phoenix, which have yielded not only mueh 
gold but also a number of Cretaceous fossils. The 
older rocks on which the Cretaceous conglomerate 
rests are possibly Paleozoic. Farther south, in the 
neighborhood of Ashland, these rocks are succeeded 
along the railroad by a granular igneous rock (quartz diorite) resem- 
bling granite. 
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By looking ahead from a point near Ashland the traveler may see 
a bold rock, Pilot Knob, in the Siskiyou Mountains (a part of the 
Klamath Mountains). In early days this knob, which stands more 
than 6,000 feet above the sea, guided immigrants to the pass to Cali- 
fornia now utilized by the railroad. 

Ashland, which passengers generally remember as the fresh-fruit 
station, is the center of a great peach country and took the prize for 
peaches at the Chicago Exposition. Pears also are 
** u **d- being increasingly grown in this region. Orchards 

Bmikmi,w>faBt. are being rapidly extended southward and westward 
s«ui« «7 mites.' over the lower slopes of the mountains facing the 
morning sun. Behind them rise the forested spurs 
of the Siskiyou Mountains, culminating in Siskiyou Peak (7,662 feet) 
and Sterling Peak (7,377 feet), which carry snow as late as July. 

Near Ashland the crumbling quartz diorite is well exposed, together 
with sandstones and shales of Cretaceous age. To the northeast rises 
Grizzly Peak (6,000 feet), a pile of lava flows, under which, as may 
be seen on the gentle slopes near Bear Creek, are sedimentary rocks 
thr,t contain some beds of coal and f039.il plants, probably of Eocene 
age. The Eocene plants of the Cascade Range are described below 
by F. H. Knowlton. 1 

On leaving Ashland the train begins to climb the Siskiyou Moun- 
tains, which form the divide between the Rogue and Klamath river 
basins. The pass is 2,235 feet above Ashland and the ascent is made 
by a 3.3 per cent grade — that is, at the rate of 174.2 feet to the 
mile. This average grade is maintained for nearly 30 miles. Shales, 
sandstones, and conglomerates of Cretaceous age are exposed along 
the railroad for more than 10 miles beyond Ashland, except a short 



1 In the vicinity of Ashland and Med- 
(ord, there has been found a fossil flora 
which isnot only totally different from that 
of Jurassic time but is also different from 
ike living flora of Oregon. That this flora 
i» very unlike the Ju rassic flora is not sur- 
prising in view of its much later age 
(probably upper Eocene, Tertiary), which 
raakesit many millions of years younger — 
in fact, a thing of yesterday as geologic 
tune is measured. 

The Ashland fossil flora is a small one, 
comprising only about 15 forms belonging 
to perhaps 10 types. Among them is a 
■mall fern, with delicate, deeply cut 
fronds. There is also a Sequoia of the 
mme type as the famous redwood of the 
Coast Range and probably a direct ances- 
tor of it, together with a pine of the well- 
known while pine type, with its leaves 



in clusters of five. Among the dicoty- 
ledons or deciduous trees there is a well- 
marked species of alder, a chestnut with 
the usual sharply toothed leaves, at least 
four kinds of oak, on elm, a spice bush 
(Benzoin), and a leaf that is doubtfully 
regarded as belonging to a fig. 

A flora which is of the same type and 
hence presumably of about the same age 
as this one is found in the rocks of north- 
ern California, especially about the big 
bend of Pit River and on Little Cow 
Creek east of Redding. These floras are 
evidently closely related to the plants 
that lived during the period when certain 
of the gold-bearing gravels of the Sierra 
Nevada in California were being depos- 
ited. The geologic age of these gravels 
has been determined in part by the aid 
of the fossil plants. 
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distance beyond milepost 442, where some of the underlying older 
(Paleozoic) rocks appean The Cretaceous rocks continue beyond the 
first great curve In the railroad line to a point near milepost 416, 
where an intrusive mass of granodiorite appears and continues to 
Siskiyou, the summit station. Beyond the second great curve, at 
milepost 415, there are good views of the valley left behind and of the 
Cascade Range. 

At Siskiyou station the Pacific Highway, which crosses the summit 
farther east, near Pilot Knob, is near by on the left. Here on Sep- 
tember 29, 1841, the Wilkes exploring party crossed 
the mountain, which was then the boundary between 
*■ the United States and Mexico. Pilot Knob was 
named Emmons Peak by Wilkes, after the officer in 
charge of the party. At Siskiyou the railroad enters a tunnel 3,108 
feet long, which passes about 500 feet below the summit. The rook 
near by is quartz diorite, and this is succeeded by a darker igneous 
rock (andesite) through which the tunnel has been driven and which, 
as will be seen farther south, is erupted through sediments of Creta- 
ceous age. Soon after emerging from the tunnel into the drainage 
basin of Klamath River the traveler obtains his first view of Mount 
Shasta, one of the finest and most imposing of the snow-capped 
peaks of the Pacific coast. At milepost 410 Pilot Knob appears on 
the left (east). 

At ColeBtin, about a mile beyond the end of the tunnel, a modest 
hostelry has been built near a good spring of effervescent chalybeate 
water. With its mountain surroundings, a delightful 
' ° n ^- summer climate, and good hunting, this place is likely 
s^^*^n« ft * 1 " to be more frequented as its attractions become 
known. 
In the descent from Colestin to Hilt (Cole) and thence to Horn- 
brook the train passes almost continuous exposures of Cretaceous 
sedimentary beds cut at many places by intruded igneous rocks. 
Some at least of these igneous rocks are tilted and faulted as much 
as the sedimentary rocks and consequently may be older than most 
of the lavas of the Cascade Range, which, as a rule, he in nearly hori- 
zontal attitudes. 

Before reaching Cole station, at 403.2 miles from San Francisco, die 
railroad crosses the line between Oregon and California. 

California, known as the Golden State, is next to the largest State 
in the Union. It is 780 miles in length and about 250 miles in average 

width and has a total area of 156,092 square miles, 
California. being nearly equal in Bize to New England, New lork. 

and Pennsylvania combined. The population of Cali- 
fornia in 1910 was 2,377,549, or about one-tenth that of the Eastern 
States named. The area covered by public-land surveys is 123,910 
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square miles, or nearly 80 per cent of the State, and 21 per cent of the 
State was unappropriated and unreserved July 1, 1914. 

Along the State's 1,000 miles of bold coast line there are compara- 
tively few indentations. The bays of San Diego and San Francisco 
are excellent harbors, but they are exceptional. 

The climate of California varies greatly from place to place. Along 
the coast in northern California it is moist and equable. Around San 
Francisco Bay a moderate rainfall is confined almost wholly to the 
winter, and the range in temperature is comparatively small. In 
parts of southern California typical desert conditions prevail. The 
great interior valley is characterized by moderate to scant winter rain- 
fall and hot, dry summers. Snow rarely falls except in the high moun- 
tains, where — as, for example, in the Sierra Nevada — so much of it 
may accumulate as to interfere with railway traffic. 

Forests cover 22 per cent of the area of the State and have been esti- 
mated to contain 200,000 million feet of timber. They are notable for 
the large size of their trees, especially for the huge dimensions attained 
by two species of redwood — Sequoia washingtoniana (or gigantea), the 
well-known "big tree" of the Sierra Nevada, and Sequoia semper- 
wen», the "big tree" of the Coast Range. Some of these giant trees 
fortunately have been preserved by the Government or through 
private generosity against the attacks of the lumberman. The 21 
national forests in California have a total net area of 40,600 square 
miles, or about one-fourth of the State's area. The national parks in 
the State are Yosemite (1,124 square miles). Sequoia (252 square 
miles), and General Grant (4 square miles). The national monuments 
in the State are the Cabrillo, Cinder Cone, Devil Postpile, Lassen 
Peak, Muir Woods, and Pinnacles, and there are bird reserves at 
Klamath Lake, East Park, Farallon, and Clear Lake. 

Agriculture is a large industry in California, and with the introduc- 
tion of more intensive cultivation its importance is increasing rapidly. 
In the variety and value of its fruit crops California has no rival in the 
United States, if indeed in the world. Its products range from pine- 
apples and other semitropical fruits in the south to pears, peaches, and 
plums in the north, but it is to oranges and other citrus fruits and to 
wine grapes that California owes its agricultural supremacy. 

During the season from November 1, 1913, to October 31, 1914, 
California produced 48,548 carloads of citrus fruit, 42,473,000 gallons 
of wine, and 12,450 tons of walnuts and almonds. 

Of its mineral products, petroleum ranks first in total value and 
gold next. California's output of petroleum in 1914 was valued at 
(48,466,096, about 25 per cent of the world's yield, and its output of 
gold in that year at about $21,000,000. In the production of both 
petroleum and gold California leads all other States in the Union. 
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California was formerly a part of Mexico but in 1848 was cede 
the United States, and on September 7, 1850, was admitted to 
Union as a State. Its history is full of stirring and romantic epis 
and should not be neglected by the visitor desirous of imderstan 
the spirit of the land. 

The same Cretaceous conglomerate seen at Ashland conti 
through the mountain and reappears near Hornbrook (see shec \. : 

p. 64), where it has been washed to some extent ' 
Hornbrook, Cal. gold Dir6ctl y anead from Hornbrook may be 

EEmE*' Black Mountain > whose summit is a mass of I 

resting on Cretaceous strata that dip toward the ej 

A few miles south of Hornbrook, at Klamathon, the railroad cro 

Klamath River, which rises in the lake region east of the main ri 

of the Cascade Range and is extensively utilized n-£ 
Klamathon. 



its head for irrigation. Along the course 



of the h . 

h 



math through the Cascade and Coast ranges there y' 
numerous power sites, and at some of these about 5,130 horseport 
has already been developed. Klamath River has not the beauty, 
clearness of the Rogue and the Umpqua. *r 

Passing Thrall, Ager, and Snowdon in succession the raikvi 
climbs to a divide overlooking Shasta Valley and affording an es'j 

lent view of Mount Shasta. In making this ascen' . 
Wer " passes over a series of shales, tuffs, and lavasLj 

B^tu^ro 2 ^ 6 *'' Miocene age in the order in which they were deposit 

From Ager a stage line runs up Klamath Rivert' 
Klamath Hot Springs, formerly known as Shovel Creek Spring 
resort noted for its fishing and mud baths. 1 

From Montague a short branch line runs to Yreka, near wbich- 
early days a number of placer mines and later a number of kj 

mines were successfully worked for gold. A sbL 
Montague. distance south of Montague, near Shasta River 

Elevation 2,s4i met. 8a jt, well was once operated but is now abandon 

The brine was obtained from the Cretaceous sal 
stone which underlies much of Shasta Valley. 



1 The trip through the canyon affordB a 
cross section of the greater portion of the 
Cascade Range, but, as in the Columbia 
River section, only lavas are to be seen. 
A small volcano which at some unknown 
date broke out in the canyon dammed the 
river with its lava. In the lake so formed 
there lived and died countless numbers 
of the microscopic plants known as dia- 
toms — little organisms possessing siliceous 



shells, or more properly skeletal pi 
that fit together much like a pill box : 
its cover. The white or very light es 
that may be seen along the stage roa< 
composed almost entirely of these deli'' 
siliceous skeletons, which when examii 
with a strong microscope are found to 
of marvelous delicacy and beaut}-. 1 
material, diatomaceousor infusorial « 
is used as a polishing or scouring agen 
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mall knolls of lava and 
the products of minor 
j Cretaoebus beds, each 
Such feeble and diffuse 
the vigorous outbursts 
e right (west) as Gazelle 
he hills the nearly hori- 
1856 to bring water to 
— .«m yumxir mines near Yreka, but now used for irrigation near 
Gazelle. 

Shasta Valley is devoted chiefly to stock raising, and about 700 

carloads of cattle are shipped annually from Gazelle station. In 

a valley on the right (west) , half a mile beyond Gazelle, 

Csteiie. jg eX p 0ae d some gray limestone containing fossil 

Eimtim 2,7w loot, shells of Devonian ace. This and other fossil- 

SeHIle S9S mflen. . . , ■ „ , . , 

bearing limestones in the region afford evidence 

thai strata of 1'aleozoic age lie under the Cretaceous rocks of Shasta 

Valley and form the mountains to the west. These strata are cut 

by many bodies of intrusive rock. 

Crossing Shasta River the railroad leaves the dry plains and near 

Edgewood enters the wooded foothills northwest of 
Edgewood. Mount Shasta. These hills are apparently composed 

Otnt ion 2,963 feet, in large part of morainal material left by some van- 
tau£?^£* ished gla«ier- The road ascends Boles Creek to 

Weed, where the main line is joined by the branch 
that extends through Klamath Falls to Kirk, Oreg. 
Weed is within the forest belt of Mount Shasta. Here are large 

sawmills which each day cut up about 125 carloads 
Weed - of logs, chiefly yellow and sugar pine, making 87,500 

ifrra[i™3,*6fifeet. fggfc f lumber. Much of this is manufactured at 

Weed into doors, window sashes, and box shooks 
{boards cut to size, ready to be nailed). 

On the left near the summit is Sugar Loaf (PI. XX, A, p. 62), a 
remarkable conical peak of solid lava (andesite) without any frag- 
ments! material whatever in its make-up. The 
'warol'- thick pasty lava of which it is composed bulged up 

i^-siion 3.BU6 feet, directly over the volcanic vent without explosive 

eruption. The andesite of Sugar Loaf is remarkable 
'or its prominent black crystals of the mineral hornblende. 

On the divide between Edgewood and Sisson is much loose stony 
naterial that consists largely of fragments of lava known to have 
»me from the west slope of Mount Shasta. This deposit appears 
a be a moraine, left by a glacier that no longer exists. Its surface, 
ike that of moraines in general, is hummocky and contains small 
'•sin-like hollows occupied by ponds or swamps. The western 
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extension of this moraine abuts against the foothills of the Klamath 
Mountains. The meadows seen on the right (west) on the way 
down to Sissou probably represent a lake whose waters were held 
against the natural dam of the moraine. In course of time the lake 
was silted up and became a meadow. The morainal material, which 
is well exposed at Upton, is used for track ballast. 

About 1} miles north of Sisson (338 miles from San Francisco) a 
large spring may be seen to the west of the railroad. This is some- 
times referred to as the source of Sacramento River, but the real 
head of the Sacramento is in the mountains about 7 miles southwest 
of this spring. 

Mount Shasta (PL XXI) stands out majestically from Sisson and 

may be ascended from this point. A good trail, about 

Sisson. g miles in length, leads to Timborline camp, and from 

Elation 3,»4 int. jhig cam p the summit, 6,000 feet higher, may be 

reached and the return made to Sisson in a day. 

That temperature and moisture control the distribution of plants 

and a ni m al s is well illustrated by the strong contrast between the 

flora of Mount Shasta 

and that of Shasta 

Valley, The summit 

of Shasta is bare of 

vegetation because of 

__ cold, and Shasta Yal- 

Frauni 10.-T™ unn of Mount Shasta, Cal. a, Transition tone, I©y. 10 miles away, is 

yellow pin* (Pinui p toltmt ), sugar pln«(i>lniul0m**rttoaa), and treeless for lack of 

many Ottawa; 6, Canadian tana,3iia&\*Br<AbiatluuUTuliy,c,na&- ■_, x> , 

(Knlanione.whlW-bartodplBef/'tau.oafcmli.); i, alpine tone, moisture. Between 

Jfcitai nana, extending up to 11,300 feet; (, HUM above plant growth, theso extremes lies thi' 

ThehlghestplantstDundaietlieBlerraalplnediabatOrateifncert) , . , , .. , 

and raUmmivmpriteUum, which occur tt 13,000 feet. g"*™ lorest belt O. 

Mount Shasta* the- 
trees of which are arranged in zones according to the requirements 
of each species for temperature and moisture. The tree zones as 
worked out by Dr. C. Hart Merriam are shown in simplified diagram- 
matic form in figure 10. 

The extreme upper limit of plant growth is reached at an elevation 
of 13,000 feet. Among the animals that frequent the summit mar 
be mentioned butterflies, hawks, and mice. Buck brush and meazi- 
nita make the undergrowth of the lumbered region, but the tares 
appear to be gaining on the underbrush in the struggle for existence 

The glaciers of Mount Shasta are smaller than those of Ma nna 
Rainier, and the charming upland meadows of the northern mountaur. 
are entirely lacking here. The view from the summit, however, t-j 
unsurpassed by that from any cone in the Cascade Range. Although 
considered extinct, Mount Shasta still shows vestiges of volcanH 
activity. There is a sulphurous fumarqle (an opening from whict 
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hot gases issue) on its summit and another on its northern slope. 
During one of the later eruptions of Shasta a stream of lava (andesite) 
poured down its southern slope, entered the channel of the Sacra- 
mento, and followed that stream for 50 miles. 

Below Mott the railroad makes a sharp bond and descends into 
the canyon of the Sacramento. For 75 miles this canyon traverses 
it spur of the Klamath Mountains that projects toward the Sierra 
Nevada. In the descent into the canyon there may he seen on the 
tight (north) a continuous section of more than 300 feet of lavas and 

■ tuffs. At milepost 328 the railroad doubles on itself again and 
crosses the Sacramento, the first of 17 crossings between Sisson and 
Redding. The older rocks (Paleozoic and Mesozoic) of the Klamath 
Mountains appear here, and those most noticeable along this part of 
foe route are serpentine and some related coarse-grained dark erup- 
tive rocks. 

The Shasta Springs yield a celebrated carbonated water containing 

j a large percentage of iron and magnesia, which is bottled for market. 

The town and hotels are on a terrace 300 feet above the 

&*ista Springs, springs, which issue near the contact of the horizontal 

s«Hjf" l2 ' K8 iw t " I avaa with tne underlying older rocks. Near the 

main spring is Oxone Spring, whose water is of an 

entirely different character and has a pungent odor. 

A few hundred yards below Shasta Springs the train again crosses 
Sacramento River and passes the beautiful Moss Brae Falls (PI. XX, 
B) on the loft. Summer resorts are numerous in this vicinity. A 
short distance below Shasta Springs the lava, which, as previously 
described, at one time took possession of the channel of the river, 
forms both sides of the canyon cut by the Sacramento since it was bo 
1 rudely ejected. A good example of columnar jointing may be seen 
\ in this lava on the right (west) side of the track, as the train nears 

■ Dunsmuir. 

Dunsmuir is chiefly a railroad town. Good hunting and fishing 

are to be had near by, and in front of the station are two aquariums 

in which may be seen the varieties of trout found in 

j Dia8mait - the region. Three miles south of Dunsmuir, on Lit- 

taS" 1 * 1 ** ^ e Castle Creek, is a chromite mine, which in 1913 

*ut]« aw roW was the only mine in the United States producing 

chromic iron ore. In 1914 there were several other 

but much smaller producers. At the crossing of Little Castle Creek, 

near milepost 319, the rugged pinnacles of Castle Rock appear on the 

: right. Castle Crag, Castle Rock, and Castella are all neighboring 

. summer resorts near the rugged peaks that suggested their names. 

■ -U Castle Rock there are effervescent (carbonic acid) springs, the 
r water from which is bottled near the mouth of Soda Creek. This 

place was a noted station on the old Oregon-California stage line. 
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Soda Creek drains an area of Paleozoic slates and limestones {_■, 
Sacramento River. 

From Castella a trail runs west across the Trinity Mount! 
Cinnabar, where quicksilver ore has been found. Serpentii 

related dark igneous rocks (pyroxenite and g '* 
CastoUa " are the principal rocks along the railroad nea * j> 

P^" " 1 ' 9 ** *"•'■ tella and in the mountains to the west. In 

these rocks have been rendered slaty by eno "^. 
pressure. The narrow mass of Shasta lava through which *Sjjj 
mento River is cutting forms low benches at many places alotj?^ 
sides of the canyon. Between Castella and milepost 311, 2 t, 
north of Sims, the river has not yet worn down into the older 1 
and consequently the lava appears in the bed of the stream. I 
Sims, near the mouth of Hazel Creek, which enters the Sacr&l 
from the east, is frequented by trout fishermen, the upper i 

mento affording excellent sport with the fly. "%V< 
am8, asbestos occurs in the serpentine west of the stk 

Elevation i,e7Sfcet. Near mile pos t 307 the railroad crosses Shotgun C a 

Bmttl* MJ miles. , ■ , , ., , - *s> 

on which chromite was mined a few years ago. "g , 
The scenery along the Sacramento Canyon from Shasta Sprat/,. 
Redding is varied and charming. In places the river is nar^J 
confined between steep slopes 2,000 feet in height. ElsewherT"" 
valley opens and little farms are perched on the hillside benches. ^ 
the slopes are well wooded, for although lumbermen have com*- %„ 
gone the country is rapidly being reforested and daily g r0T9 H2; 
attractive. The clear rushing Sacramento, here foaming over Y\t 
ders, there flashing more quietly under the large leaves of the \ 4% 
saxifrage (PeltipkyUum peltatum), which grows in beautiful n{t5 
along the water's edge, is a stream to delight the heart of a fisher^ 
Along it may be seen the expert with the fly wielding his dfllv 
tackle, in contrast with the Indian under his tentlike shelter, wa( ", i 
spear in hand, for the unsuspecting salmon. ' £ 

A mile below Gibson (see sheet 9, p. 70), at milepost 303, igi^' 
rocks are succeeded by slates and sandstones (the Bragdon formic t 
of Carboniferous age. These continue with few interruption^ * 
nearly 20 miles. J* 

Good exposures of slate appear as Lamoine station is approa*" 

and terraces, remnants of the lava flow from Sh 
lMW * M » may be seen on both sides of the river. About 7^, 

FJSuf"" 1 **?*' feet of lumber, of which one-third is obtained , ^ 

the adjacent Shasta National Forest, is cut daj <j. 
Lamoine. About half of this lumber is manufactured locally. ,1 
boxes. : * J 
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Near Delta the Bragdon slates make rugged slopes and the forest 
growth becomes scanty. The light-colored digger pine {Pinus saH- 

niana), with its strangely thin foliage and unpineliko 
*"*- habit of branching, becomes prominent. Associated 

Bn-iiion 1,137 feet, with it are live oaks, buckeyes, and shrubs character- 
ta«]« samite ^tic °' lower altitudes and drier climate than those 

of the country about Mount Shasta. From Delta 
stages run west over the mountain to Trinity Center and Carrville, 
where gold is won from both placer and lode mines. 

Half a mile below Delta, on the right (southwest) , is a bluff of date 
overlain by 10 feet of gold-bearing gravel deposited by the river when 
its bed was about 70 feet higher than now. The gravel is covered by 
(he lava from Mount Shasta, as illustrated in figure 11. Since the 
lava flowed down the canyon the river has cut not only through the 
lava and gravel but 60 feet into the slates. 




frJUBE II.— Section of canyon of Sacramento River ]nst below Delta, CaL o, Terrace formed by rem- 
nant of leva stream that flowed down the canyon of the Sacramento from Mount Shasta to a point ID 
miles south of Delta; I, ancient gravel bed of the Sacramento covered by the lava flow from Mount 
Shasta (gravel Is auriferous); c, slates o( Carboniferous age in which the canyon Is cut; 4, portion of 
the canyon (70 feet) cut by the river since the lava Bowed from Mount Shasta, 

The old California-Oregon wagon road crosses the river and railroad 
at Antler (Smitbson), and the Pacific Highway crosses about 2 miles 
farther south. Near milepost 287 the lava flow 
from Mount Shasta ends. Its entire length is about 
aWaVna wbT 1, 50 miles. Here the railroad crosses the river and 
goes through a tunnel. 
Between some of the beds of slate and sandstone, which are well ex- 
posed along this part of the route, are beds of lighter-colored gray con- 
glomerate, generally less than 10 feet thick. Most of 
the pebbles are flinty, but many of them consist of fos- 
Devaikm r»4 feet. siliferous limestone. These limestone pebbles, after 

Seattle 673 miles. r 



Antler. 



Elmore. 



long exposure to the weather, dissolve away, leaving 
holes that can be seen from the train. The coarsest conglomerates of 
the Bragdon formation, to which all these rocks belong, occur near 
Elmore, where the limestone pebbles contain Dovonian fossils. The 
occurrence of these pebbles shows that the Devonian rocks (Kennctt 
96286°— Bull. 614—10 5 
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formation) were subjected to erosion and that fragments of them 
were rounded into pebbles by waves or streams before the overlying 
Carboniferous (Bragdon) formation was deposited. In geologic 
language the Bragdon formation rests unconformably on the slates, 
cherts, and limestones which make up the Kennett formation. The 
passage from the Bragdon formation to the Kennett formation is 
near a point 280.7 miles from San Francisco, but the unconformity 
can not be seen from the train. The Kennett formation is succeeded 
on the south by igneous rocks — a light-colored quartz porphyry anil 
a greenish lava (meta-andesite — that is, altered andesite). These 
two rocks are closely connected with the occurrence of the large copper 
deposits of Shasta County. The altered andesite is older than the 
Kennett formation and represents volcanic action in early Paleozoic 
time. The porphyry is intrusive and was probably injected into the 
rocks with which it is associated in late Jurassic time. From this 
locality to Redding, a distance of about 20 miles, these are almost 
the only rocks visible along the railroad. 

Pitt station is near the mouth of Pit River, where that stream joins 
tho much smaller Sacramento. A branch railroad on the left (east) 

leads to Heroult, where there is an extensive deposit 
WtL of iron ore and an electric smelter, and to Copper 

Eimum rastML City and Bully Hill, where there are large copper 

mines. 
A mile beyond Pitt is tunnel No. 2, at the farther end of which, on 
the right (west), there is exposed a narrow north-south belt of Devo- 
nian slates (Kennett formation). This belt lies in a large area of 
meta-andesite. It probably represents material which once lay 
horizontally on top of the andesite but which, when the rocks were 
bent into sags and arches by regional pressure — folded, as geologists 
say — was caught in a sag (syncline) and finally squeezed together j 
as a narrow slate belt between two masses of meta-andesite. 

Kennett is the northernmost of the three active centers of copper 
mining in Shasta County, and the Mammoth mine is about 3 miles 

northwest of the town. Tho ore of this region is 
Kennett. pyritic and occurs as large bodies of irregular shape 

Elevation A™ *wt. ; n (, ne q uar tz porphyry referred to above. The] 

fumes from the smelter are treated by the bag process* 
before they are allowed to escape into the open air. By this nieait- 
some of the zinc in the ore is saved in the form of zinc sulphate, a 
white pigment. 

Fossil-bearing limestone belonging to the Kennett formation 
(Devonian) caps the ridges on both sides of Backbone Creek. Lime 
and ground limestone, used as a fertilizer, are both made here. 



SHASTA ROUTE — SEATTLE TO SAN FRANCISCO. 



67 



A belt of country in Shasta County, extending 25 miles northeast- 
ward from Kennett, is especially noted for its Devonian, Carbon- 
iferous, Triassic, and Jurassic fossils.' 

On leaving Kennett the train crosses Backbone Creek. Here lime- 
kilns may be seen on the right (north), and a copper smelter is farther 
up the creek, behind them. From Kennett southward for many miles 
the railroad traverses a region of desolation. The fumea from the 
copper smelters at Coram, Kennett, and Keswick have killed all 
vegetation and left bare slopes whose coloring suggests the sun-baked 
hills of the desert. The principal copper mines are in the hills of 
porphyry to the right (west). To the left, across the river, is the 
meta-andesite, which contains numerous gold quartz veins. 

The Balaklala copper mine is 3 miles northwest of Coram, west of 
the hills, and the smelter is at South Coram, a mile from the station. 
Across the Sacramento, opposite Motion, formerly 
called Copley, a bench or terrace may be discerned 
about 200 feet above the river. This is cut in rock 
and is the work of the river at a former period of its 
history. It may be traced from this place into the 



H« vMim 630 foet. 

r-opuuiianfiee. 

SeatUtCH milts. 



1 On McCloud River, which flows into 
the Pit about 6 miles east of Kennett, 
there are in the McCloud limestone a 
number of Pleistocene caverns which 
contain animal remains of considerable 
scientific interest, described by J. G. 
Menium. In Potter Creek Cave, about 
2 miles above the mouth of the McCloud, 
Wil remains of more than 50 species of 
animals were found in deposits on the 
floor. Approximately half of the total 
number of species were extinct. Among 
the animals represented in this cave 
*itc iho great extinct cave bear, another 
bear more nearly related to the living 
black bear, a large extinct lion, a puma, 
an extinct wolf, and fragmentary spec- 
imens representing the mountain goat, 
deer, bison, camel, ground sloth, ele- 
phant, mastodon, an extinct liorse, and 
a peculiar goatlike animal known as 
Eucoratherium. 

Samwel Cave, which is about 18 miles 
from the mouth of the McCloud, is a large 
cavern with many galleries, in several of 
vhich the cave earth contains remains of 
extinct minnji Among these is another 
peculiar extinct goatlike animal, known 
W Preptoceras. 



The beautifully coiled and intricately 
marked fossil shells known as ammonites 
are especially abundant in the Triassic 
rocks of this region, and the Upper 
Triassic Uosselkus limestone of the region 
contains numerous remains of marine 
reptiles. Bones have been found repre- 
sentuig the ichthyosaurs (fish lizards) 
and another peculiar marine group, the 
thalattosaurs (sea lizards). Numerous 
fragments ha vo been obtained from these 
deposits, but the skeletons arc nearly all 
imperfect and do not show the wonderful 
preservation of the Middle Triassic spec- 
imens from Nevada. 

The history of the ichthyosaurs found 
in the Middle and Upper Triassic of the 
western region presents ono of Ihe most 
interesting studies of evolution thus 
far known in the story of this group. 
The Middle Triassic forms are much more 
primitive in every respect than those oi 
the following Jurassic period and show 
less advanced specialization of the limbs, 
tail, eyes, and teeth for life on the high 
seas. The Upper Triassic types also are 
relatively primitive but are intermediate 
between the Middle Triassic and the 
Jurassic stages of evolution. 



Keswick. 
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north end of the Sacrainonto Valley. At Buckeye, 4 miles north of 

Redding and about 3 miles east of the railroad, rich gold-hearing 

gravels, left by the river on this bench, were formerly worked. 

Gold-bearing quartz veins are worked at the Reed 

Central Mine. mine, on the left (east) across the river from Central 

Seattle aeomBfls. Mine station. The ore is brought to the railroad by it 
bucket tramway. 
The Iron Mountain mine, which has produced copper to the value 

of over 133,000,000, is 5 mdes northwest of Keswick, with which it is 
connected by a very crooked narrow-gage railway. 
The ore of this mine is pyritic and, although of low 
grade, contains considerable gold and silver. It is 

awtttofw m'ues * ' smelted near Martinez, on San Francisco Bay, where 
part of the sulphur from the pyrite is manufactured 

into sulphuric acid. The acid in turn is used for converting rock 

phosphate into fertilizer. 
At Keswick the rock terrace 200 feet above Sacramento River, first 

noted at Motion, is visible along both banks of the river. On the west 

side some patches of gravel lie on the terrace. 
Middle Creek, which is crossed near the station of the same name, 

was at one time rich in placer gold, and dredges may be seen in Sac- 
ramento River below, recovering from the river 

Middle Creek. gravels gold that probably came in large part from 

Elevation ue int. this creek. The rocky ledges alone the river here are 
Status BM milts. , ., _ ,f. ° . ., ■= , , 

meta-andesite. In this vicinity the canyon of the 

Sacramento opens out into the wider valley that forms a part of the 
Great Valley of California. This wider portion is the area generally 
called the Sacramento Valley and is described below from data fur- 
nished by Kirk Bryan.* A mUe and a quarter beyond Middle Creek 



1 Including Coram and other places. 

'The Sacramento Valley extends from 
the vicinity of Bedding on the north to 
Carquinez Straits on the south. It is a 
broad, flat plain 160 miles long, 50 milee 
wide at the south, and tapering gradually 
to about 20 mileB in width near Redding. 
The valley is 557 feet above the sea at 
Bedding and slopes down to sea level at 
Suisun Bay. 

The area oi the valley is about 6,500 
square miles, of which 2,633,000 acres, 
nearly two-thirds— is bottom land. On 
the east side of Sacramento River 535,000 
acres and on the went side -124,500 acres, 
or 959,000 acres in all, in now subject to 
occasional overflow. Of this land more 
than 300,000 acres is protected by dikes. 



The total irrigable area, including the 
rolling land lying north of Red Bluff, is 
2,500,000 acres, of which 123,500 acres wu 
irrigated in 1912. 

The principal tributaries of the Sacra- 
mento are Feather, American, and Moke- 
lumne rivers, which rise in the Sierra 
Nevada. In the flatter parteof the valley 
overflow at some point is a yearly occur- 
rence. The overflowed lands, which in 
many places support a luxuriant swamp 
vegetation, are among the most fertile in 
the valley, and levees have been huilt in 
reclaim them. 

For five months, October to March, the 
weather is cool and rainy, but the nvi of 
the year is practically rainless. Summer 
temperatures are high, reaching 115° r\, 
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the river cuts through fossiliferous Upper Cretaceous (Chico) sand- 
stone and conglomerate. These rocks unconformably overlap the 
older rocks of the Klamath Mountains, including the meta-andesite. 
On the right the bluff affords a section of the sands and gravels of the 
Red Bluff formation, which occupies a large area in the Sacramento 
Valley. 



but ibe nights are cool and the air dry. 
The winter temperature seldom falls 
below freezing, and 18° above zero is the 
lowest temperature recorded in 60 years. 
Snow is almost unknown. 

The character of the climate ia reflected 
in Ihelife of the people. With the begin- 
ning of the rains in the fall grass springs up 
and cattle and sheep are brought down 
1mm the mountains where they have 
pased the summer. The overflowed tule 
lands in the center of the valley are grazed 
is the long dry summer, but with the 
coining of the rains the cattle are taken to 
the higher plains. The grain farmer sows 
his wheat and barley in the fall and har- 
vests them early in the summer. He lets 
his land lie fallow after the rains, to be 
planted dry in the fall. All the decidu- 
ous fruits bear heavily and are rarely 
damaged by frost. The more delicate 
fruits and nuts — apricots, almonds, wal- 
nuts, olives, lemons, and oranges — grow 
well when assisted by irrigation. There 
are large areas of vineyards and the long 
dry season is favorable to the concentra- 
tion of sugar in the grape and to the dry- 
ing of the grapes to make raisins. 

The agricultural character of the valley 
i» closely related to its geologic history. 
With the uplift of the Sierra Nevada and 
Coast Itange in Pliocene time the valley 
became land, and deposition of alluvial 
materials began under conditions similar 
to those of the present time. 

The alluvium ia of two kinds — an older 
Mid a younger. The older alluvium is of 
Pleistocene or possibly of late Pliocene 
age and rente on the eroded edges of Mio- 
cene and* older rocks. It is composed of 
clay, sand , and gravel and varies much in 
appearance and composition. It is dis- 
tinguished from the younger alluvium by 
the fact that it is now undergoing dis- 
«ction by. streams and by the greater 
nidation and dehydration of its iron con- 



tent. Because of this oxidation it is 
characteristically red. 

The deposition of the older alluvium 
was followed by uplift in both the Sierra 
Nevada and the Coast Range. The 
edges of the valley were bent up and the 
middle gently bowed down. In conse- 
quence of this movement the older allu- 
vium was uplifted along the borders of 
the valley, and streams began to cut into 
it. At this time began the deposition 
of the younger alluvium, which has con- 
tinued to the present day. This material 
floors by far the larger part of the valley 
and is as varied in character as the older 
alluvium. The deposits are compara- 
tively thin, probably nowhere in the 
valley over 300 to 400 feet thick. Every 
high water adds to them, and this is so 
well understood that farmers have been 
known to deliberately turn flood waters 
on their land Tor the benefit derived from 
the sediment left behind. 

The recent alluvium is the most pro- 
ductive water bearer of the valley forma- 
tions, largely because its gravels and 
sands are uncemented and porous. The 
water usually lies within 25 feet of the 
surface, but its level fluctuates with the 
seasons. This fluctuation is seldom more 
than 10 to 15 feet, a fact which indicates 
that a much larger volume of water is 
available than is at present utilized. 

The Sacramento Valley is now in a 
state of rapid change. The overflowed 
lands are being divided into large districts 
for reclamation by levees and drainage. 
After reclamation they are cut up into 
small lots and colonized. Grain ranches 
arebeing subdivided and sold in small ir- 
rigated tracts. In consequence the popu- 
lation is increasing and its character is 
changing. Thekeen, intelligent irrigator, 
raising special crops, living a community 
life, and keeping abreast of the times, is 
replacing the old-time rancher. 
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Redding, the seat of Shasta County, is the supply point for 
of the southern part of the Klamath Mountains, especially the i ■ - . 
drained by Trinity River and about Weavervi £*«il 
Redding. town 50 miles from Redding, reached by a daily 

Elevation M7 tent. mobile stage. The basin in which Weaverville a 
aSjttoBw'mnta' nas been ^e richest and most persistently pt 

tive gold-placer region of northern California \w v 
the La Grange mine, reported to be the largest hydraulic mine \ it 
world, about 1,000 cubic yards of gravel is washed each hoi v^, 
stage line runs eastward from Redding across the low Cascade ] f\^. 
north of Lassen Peak to Alturas, which is within the Great ; W*f- 
east of the Pacific coast mountain belt. 

Redding is built on the division of the older alluvium of 
mento Valley that has been named the Red Bluff formation, 
railroad cuts in the plain south of the town show much coarse 
belonging to this formation. To the west the grave] laps up > 
terrace that is traceable around the northwest border of the f {■ 
mento Valley and is continuous with the terrace along the 
above Redding, already noted. Beyond the terrace may be s* 
the northwest the rounded form of Bally Mountain (6,246 feet), 
posed of granodiorite, and in the west the sharper form of 
Choop (7,073 feet), composed of peridotite. 

At milepost 253 the railroad crosses Clear Creek, which draii fp< 
French Gulch mining district and on which is Horsetown, not* 
its formerly active placer mines and for its Lower Cretaceous fi 
To the northeast the horizon shows the outlines of the num , 
conical volcanic hills characteristic of this part of the Cascade R 
The highest of them is Lassen Peak (10,437 feet), an active vo 
recently in eruption. To the left, farther north, is Crater Peak ( 
feet), on which snow remains into July. The Lassen Peak vol >^ 
ridge fills the 50-mile gap between the Klamath Mountains anoTt^ 
Sierra Nevada. . ;:r - 

From Anderson a short railroad line runs northward to JL 

vista. Directly oast of Anderson is ShingleiV- 
Butte, a perfect little extinct volcanic cone. It' - 
n^hUM?^ Panorama Point may be obtained the best vie* -V, 
Seattle 7w miles. Lassen Peak to bo had from the railroad. Shii 

™ » , . town Butte is in the foreground, and Inakip Hi 

Panorama Point. , .-,.,,. 

group of recent craters, lies to the right (south) c 

Seattle 7U miles. ■ , . ., .. . n 7^ , . 

A quarter of a mile south of Cottonwood sta A 
Cottonwood. the railroad crosses Cottonwood Creek, on whicfc 

Elevation t» teet. miles to tho west, are some peculiar sandstone di 
population 439* Here cracks in the rocks that were formed b- 
ancient earthquake have been filled with sand, 
the sand filling has hardened into rock, so that the dikes resembli 
igneous dikes. 
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At milepost 236 may be had a view of the North and South Yolla 
Bolly Mountains, on the right (west), with snowbanks lasting into 
July. Toms Head is between them. These peaks are at the south 
end of the Klamath Mountains. Beyond and to the left of them is 
the Coast Kongo of California. 

A low, broad uplift of the Quaternary formations, the Red Bluff 
arch, runs in an easterly direction across the northern portion of the 

Sacramento Valley. The railroad crosses this arch 
w "■ through cuts in gravel near Hooker, and Sacramento 

taiutrasmliw 11 ' Ri™ 1 " crosses it farther east, in Iron Canyon. The 

possibility of damming the river here affords the 
Irnaia of an extensive project for irrigating 400,000 acres in Tehama 
County. Beyond Hooker the train passes Ivrea and Blunt. 

Red Bluff (see sheet 10, p. 74), a thriving town, is the seat of 
Tehama County. It takes its name from the adjacent river bluff, 

about 50 feet high, in which is exposed a fin. 1 section 
Red Bluff. f the sands and gravels of the older alluvium (Red 

rinnukmjosrwt. Bluff formation), bowed up by the Red Bluff arch. 
slme rami**'. The town is the head of navigation on Sacramento 

River and a supply point for a large area of farming 
and stock country. It is at the northern limit of the citrus belt, and 
oranges, lemons, almonds, and figs are raised here, but more atten- 
tion is paid to peaches, pears, and prunes. 

The Lassen Peak region and the great volcanic plain west of it 

may be most easily reached from Red Bluff during the summer by 

automobile or stage to Mineral, Morgan Springs, or 

Side trip to Las- Drakesbad, by way of the Red Bluff-Susanville stage 

Cinder Cone. fo&d. From these places trails lead to the mountain. 
The trail from Mineral passes Soupan Hot Springs 
and the boiling mud pots and sulphur-lined fumaroles at the head of 
Mill Creek. At Morgan Springs there are hot-spring baths, and the 
trail from this place passes Bumpass Hell, a vigorous solfatara. Near 
Drakesbad ore the Geyser, a large boiling spring; Tartarus Lake, a 
boiling mud lake of 3 acres, encircled by fumaroles and boiling springs ; 
and the Devil's Kitchen, an area of solfataros. Warner Creek runs 
directly through the Devil's Kitchen, so that a fisherman may catch 
and cook his fish from the same stand. Cinder Cone, the work of a 
recent volcanic eruption, is within a day's reach. It has been made 
a national monument. 

Lassen Peak, from which since May 30, 1914, thero have been 
many eruptions, may be easily reached by trail from Drakesbad. 
The character of its outbursts is shown in Plate XXII (p. 72), and 
ils new crater in Plate XXIII. The enormous rolling cloud which 
rises above the crater during an eruption and which is plainly visible 
from the railroad is composed of rock fragments, rock dust, and steam, 
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with perhaps other gases. No freak lava has issued from the crater. 
The dust and fragments blown out by the explosive action of the hot 
gases are derived from the older solid lava through which these gases 
have burst their way. The opportunity to observe a vigorous vol- 
canic eruption in safety from a railroad train is itself a rare one, and 
the obstacles to a nearer approach need daunt no one who is willing 
to travel by stage and put up with simple accommodations. Drakes- 
bad may be reached by automobile not only from the west by way 
of Red Bluff but also from the east by way of Westwood, on the 
Southern Pacific, or Keddie, on the Western Pacific. 

Tuscan Springs, a health resort 9 miles northeast of Red Bluff, 
may be roached by daily stage. The springs, which are hot, rise in a 
small area of Upper Cretaceous shales (Chico) surrounded by a large 
mass of volcanic tuff thrown out from the 'volcanoes of the Lassen 
Peak region. 

At Proberta the railroad approaches the top of the bluff which 

limits the flood plain of the Sacramento on the west. The route 

continues along the bluff to Gerber. The Kimball 

Plains, about 12 miles wide, lie to the right (west). 

s«ttteTtomiiM. Below, to the left, in the fertile river bottoms, may 

be seen hop and alfalfa fields irrigated by water pumped from wells. 

Gerber will soon succeed Red Bluff as the division point for this 

portion of the route. Here the train descends into the river bot- 

toms and, passing through green alfalfa fields, crosses 

' cr>eT - Elder Creek before entering Tehama. On Elder 

s»tu« 7*1 mo». Creek, about 20 miles west of this point, is exposed 

a famous section of Cretaceous rocks 29,000 feet in thickness. This 

great body of Cretaceous strata is inclined eastward, extending 

beneath the later formations that fill the Sacramento Valley on 

the east and lapping up against the Coast Range, which is made up 

mainly of older rocks on the west. The tilted Cretaceous rocks arc 

beveled by erosion, and their edges form a broad terrace or plain 

along the western border of the Sacramento Valley at the foot of the 

Coast Range. 

The town of Tehama is about half a mile east of the railroad station 
and is the oldest settlement in the county. The soil hereabouts is 
rich, but the country is occasionally overflowed. A 
Tehama. wagon bridge crosses the river to the green irrigated 

Elevation m feet. alfalfa fields of the new colony of Los Molini* 
BaSuawTnSi, (mo-lee'nos). Here may be seen good examples of 
the beautiful oaks characteristic of valley scenery 
in California. Tehama is on the later alluvium, but beyond it the 
line ascends again to the gravel plain of the reddish older alluvium. 
From Tehama the Marysville line turns off to the left, crosses the 
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■anges, lemons, grapefruit, and almi 
grown upon this land for years. U: 
> been alfalfa, and dairying is an i 
11 the lands have been filed upon and ■; 
itv iuM|uireu uiuy oy purcnase from the present owners, who 1 * 
subdivided their holdings into farms of 40 acres or Inss. ^ 

From Orland a branch line goes east 9 miles to Hamilton, a s -- *^ 
beet town on the river. 

As Orland is left behind the Coast Range is in full view on the ri ^j 
The foothills of this range show a certain evenness of crest which t(^, T V 
gests that the tops of the hills are remnants of a surface that was (fc-,7 
almost level (a peneplain). This old surface was possibly at one t'/j • 
continuous with the bench at the head of Sacramento Valley pr*^ 
ously noted. West of Orland it cuts across the beveled edge* * 
upturned Cretaceous strata. The crest line of the Coast Rar^, 
while less even than that of the foothills, is suggestive of the 3j 
mer existence of a much older peneplain which probably extern »-■ 
over what are now the Klamath Mountains. In other words, Vr'-- 
ranges simply represent what is left after an old, gently rolling s 
face has been uplifted and valleys have been eroded in it. 

To the southeast appear the tops of the Marysville Buttes, a roi ■ 
mass of mountains standing isolated in the middle of the flat vail , 
above which they rise about 2,000 feet. These buttes are the eroisfc 
remnants of an extinct volcano. r -. 

From Greenwood, 3 miles beyond Orland, nearly to Colusa Juncti" 
a distance of 32 miles, is another straight stretch of north-south tra 

Germantown is a typical village of the older type in the vail 
now being quickened through the subdivision of some of the ad^ 
cent grain ranches and the development of the lq^ 
Germantown. by irrigation. On the right (west) as the tr| 
Elevation 158 teet. leaves the town may be seen the numerous pump! : 
B«ttia 7» nJbB plants of the Shaw ranch. Artesian water •% 
struck here at a depth of 800 feet and flows at ■ 
rate of 200 gallons a minute. 

Willows, the seat of -Glenn County, is the headquarters of 1 
Sacramento Valley Irrigation Co., whose operations are known as t— 

Kuhn project. Water is pumped from Sacramei 
Willows. River above Hamilton and brought down in a gr> : 

Elevation 134 feet. ditch which is crossed by the railroad just bolt 
population 1,1% Willows. The project covers 60,000 acres, and 

the land is sold it is being gradually brought uiu 
irrigation. Development by means of the ditch has stimulated m 
boring west and north of the town. 

From Willows a branch line goes to Fruto, in the Coast Range*. 1 
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The stations of Logandale and Norman are passed in turn, and 1 \ 
miles south of Norman station the railroad crosses from Glenn County 
into Colusa County. Near Delevan, the next station, as at many 
other places along the Shasta Route in California, the bright-yellow 
to orange-colored poppies (Eschscholizia californica) form glowing 
clumps in spring and early in the summer. Beyond Maxwell (sec- 
sheet 11, p. 76), an old village of the grain-farming days, is Colusa 
Junction, where the Shasta Route crosses the Colusa 
& Lake Railroad. This line runs from Colusa, on 
Sacramento River, westward to Lakeport, in Lake 
County. It passes at Sites the sandstone quarry that 
furnished the material for the Ferry Building in San 
Lakeport, on Clear Lake, in the Coast Range, is in a farm- 
Evidence of recent volcanic activity and the occurrence 
of deposits of quicksilver ore and sulphur givo additional interest to 
the pretty country about Clear Lake. 

Twenty miles east of Maxwell the rugged Marysville Buttes rise 
abruptly from the plain, forming a landmark that can be seen for 
many miles in all directions.' 
The land near Williams is outside of tho area served by the Sac- 
ramento Valley Irrigation Co.'s ditch, and the local 
"ullaraa. farmers pump their own water. Several pumping 

Ehntion re test. plants may be seen south of the town. To the east 
Cuto'tTOmita"* is the Colusa Basin, a shallow trough which parallels 
the river as far south as Knights Landing, east of 
Zamora station. When the levees along the river break this basin 
is flooded and forms a veritable iidand sea from Colusa to Knights 
Landing Ridge. 

West of Williams the bench of older alluvium becomes wider and 
more prominent and extends in a southeasterly direction to Yolo. 
-Vorth of the village this little plateau is about 400 feet above sea level 



' The Marysville Buttes are a cluster of 
hilla about 10 milea in diameter, culmi- 
nating in South Butte, 2,132 feet above 
sea level. North Butte has an elevation 
of 1 ,863 feet. The central area, about 4 
miles in diameter, is composed of andesite, 
a lava that was pushed up from the in- 
terior of the earth in a molten but still 
condition. Around the andesite is an 
irregular belt of sandstone and shales of 
Tertiary age, bent upward by the force of 
intrusion of the andesite so that they dip 
iway from the cent era tangles of 1 8° to 90°. 
Vn miter belt, about 2 miles wide, of 
ufTaceous breccias, consisting of angular 



fragments of lava of various sizes with 
some pebbles of other rocks, surrounds the 
sandstone and shales. The material of 
these breccia beds probably once flowed 
from the crater of the volcano as a thick 
stony mud. The streams flowing down 
from the buttes have broad valleys which 
are filled with alluvium in their lower 
courses. The hills have an outer slope of 
250 feet to the mile and a steeper in-facirg 
scarp or bluff. A projection of the outer 
slope to the center would restore the 
outline of the old volcano, making it about 
5,000 feet high, or over twice tho present 
height. 



eastward to Cache Creek and there turns south to Putah Creek. 1 ! 

The Coast Range west of Williams is a greatly crushed and faul ;;' 

mass of Jurassic and Cretaceous rocks. Jf 

From Williams the road rises about 63 feot at 

Arbackle. Arbuckle, situated on a fan-shaped deposit of row >\ 

EiBv»tion«rB«t. alluvium supplied by the dissection of the earl.' 

s^to8^mflw* Pleistocene plateau. The principal industry hi ,' 

is almond growing. i '. 

At Harrington a branch road, called the Beet Line, turns t. 

to Grimes and Colusa. The line between Colusa and Yolo county' 

is crossed at Herahey station. Dunnigan, the ne _ 

Dunnlgan. village, lies close under the escarpment of the platea.. 

Elevation e7 ifft. which is here dissected by streams into rounds 

Mtlr^^I hi]l9 - °* tlus land ar3 e™™ wheat and barle '- 

and the skill of the farmers in taking traction engirt I 
and combined harvesters over these hills is remarkable. Notwit i 
standing the recent changes in agriculture previously noted, tf 
great staple product of the Sacramento Valley is still wheat. The! 
are grain warehouses at nearly every station, and the traveler ca 
not fail to realize that he is passing through one of the greater 
wheat regions of the world. Near Dunnigan a newer industr 
is seen in thousands of acres planted with eucalyptus trees. 

At the village of Zamora (Blacks Station pos 
Zamora. office), the plain between the hills and Colusa Basr 

Elevation so feet. is very narrow and backwater from the tule land ha 
SfjtttiiKWinflM b ecn known to come within 1 \ miles of the village' 

This is a country of line oaks. 
From Zamora the railroad rises about 30 feet to the village e 
Yolo on Cache Creek. This stream leaves the Coast Range throug 

Capay Valley at Esparto and, crossing the platpa 
Yo, °- of older alluvium, hero 10 miles wide, cuts throu^l 

Elevation meet. j, ne escarpment in a terraced canyon 3 miles west o 
Hmttle Mfl miles. „ . „ r .,. •.«.»■. j -, ■■ 

Yolo, rrom this point it begins to deposit scui 

ment brought from the mountains. In past time Cache Creel 
has built up a considerable area of country around Yolo and Wood 
land by means of a number of branches. One of these old branches 
called Cache Creek Slough, extends northeastward from Yolo t 
Knights Landing on Sacramento River. The sediment deposit? 



similar depression to the south known as the Yolo Basin. The 
fertile soil of the Yolo Basin is underlain by coarse gravel from which 
large supplies of ground water are obtained. 

The largest pumping plant in the valley, the St. Louis plant of 

the Sacramento Valley Sugar Co., is near Yolo. It consists of 12 

wells connected with an electrically driven 15-inch centrifugal pump 

having a capacity of 7,000 gallons a minute. From this plant 1,200 

acres were irrigated in 1913. 

Woodland (see sheet 12, p. 80) is the seat of Yolo County and one 

of the oldest and richest towns in the valley. Irri- 

Woodbnd. gation was begun here in 1856 by diversion from 

EtoraifonMftet. Cache Creek through the Moore ditch. The system 

Mtt^nta! ■ now controlled by the Yolo Water, Light & Power 

Co., which irrigated 23,000 acres in 1913. In that 

jear about 7,000 acres east and north of Woodland* were planted 

to sugar beets. 

From Woodland the railroad passes through a rich fanning region 
to Davis, where the Shasta Route joins the route from Omaha by 
way of Ogden and Sacramento to San Francisco. 
D » vl 8- To the east is the level expanse of Yolo Basin, 

Etoretion « rest. where yearly flooding prevents the growth of all 
Mtk«Hn!ta.> except tule (Scirpus laeustris) and coarse grasses. 
To the west may be seen the low, reddish hills of 
older alluvium. Near Davis is the large farm of the University 
of California used for experimental and educational purposes. The 
country in this vicinity is an almost flat plain near sea level, but 
nevertheless high enough to provide drainage. With its rich fields 
of grain and orchard patches it has a decidedly prosperous look. 
Beyond Davis the Coast Range becomes more prominent, especially 
to the right, ahead of the train, showing as a low, dark ridge broken 
by one or more gaps. Valley and livo oaks are again a common 
feature through the fields. 

Along the Pacific coast, from the vicinity of Santa Barbara on the 
south to Humboldt County on the north, the Coast Ranges divide 
the Groat Valley of California from the ocean. They are broken by the 
one groat gap by which tho combined Sacramento and San Joaquin 
rivers find outlet into tho Bay of San Francisco. The Coast Ranges 
are geologically tho most recent of tho great structural features of the 
State. They are largely built up of folded and crushed Cretaceous, 
Jurassic, and Tertiary sodimentary rocks, which are in places broken 
through by andesitic and basaltic lavas and by older igneous rocks 
(diabase and other dark, heavy rocks, in part altered to serpentine). 

' By way of main line; 8S1 miles by way of Marj Hville branch. 
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1 town in Solano County. Beyond it tut 
larger as the traveler proceeds westward, 
evation 79 feet), a junction whence a 
d goes to Vacaville, Winters, and Rumsey, 
sed. Beyond Elmira the road approaches 
Is of the Coast Range — first a bare ridge, 
which the railroad passes over a slight rise. 

Portland Cement Co. and adjacent shale 
e north. The limestone used here to mix 
Toni a point near Auburn. 
1S8 the Sacramento Valley in the day during 
d the trip warm, but on reaching this gap 
ost invariably notices a change. The cool 
>he west and carrying the smell of the salt 
i the train proceeds, and it is a reasonable 
handy from this point on. 
the Coast Range the valley again broadens. 
r less darkened by scrubby timber on theii 
i-alley to the north and far to the south, 
ear, Mount Diablo ' and the southern con- 
ige may be seen. A group of low, round, 
to the south are known as the Potrero Hills, 
ray'ro, is Spanish for horse pasture.) 
Qy soo-soon', the name of an Indian tribe, 
a) and the adjoining town of Fairfield (the 
lano County, population 834) are at the 
lother swampy district green with tulc, 

point the railroad is graded across tin 1 
,ts, which are so near tidewater level in 
y, to the south, that no cultivation is 
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Although Mount Diablo is of moder.il' 
height (3,849 feet), its isolation and ii- 
situatioti on the edge of the Great Viflry 
make it one of the finest viewpoints in 
the Stale. Prom its top, oil a clear morn- 
ing, the summits of the Sierra Nevada an 
be traced for over 200 miles. Lassen Peat 
is often visible and sometimes Mount 
Shasta. The Great Valley appears di- 
vided into squares like a checkerboard 
by the seotion-line roads and fences. Tt* 
San Francisco Bay region is sometini* 
hidden by a snowy sea of fog. Tht 
mountain is easily reached from Si" 
Francisco, though at present the aacei' 
must be made on foot or by driving. IV 
road, which goes practically to the sum- 
mit, will probably be fitted for automo- 
bile travel. 
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possible under present conditions, though the camps of several 
duck-shooting clubs are situated among the sloughs. The railroad 
has encountered much difficulty in maintaining its grade across this 
soft ground. Certain spots have been continually sinking ever since 
the first construction of the road, and it is seldom, even now, that 
in going over this part of the route the traveler does not see work 
trains and grading crews busily engaged in filling and raising some 
sunken portion of the track. (See PI. XXIV, A.) Mud ridges have 
risen along the tracks on both sides, and their broken and lumpy sur- 
faces indicate a slow flowing mass of mud squeezed out by the weight 
and vibration of passing trains. It is said that as much as 30,000 car- 
loads of coarse gravel ballast have been dumped into one of these spots. 
Beyond the marshes the railroad meets the rocky headlands that 
here close in upon Carquinez Strait. Some fine exposures of Cre- 
taceous and Tertiary sandstones and shales may be seen in the cliffs 
and road cuts around Army Point. 

Near Benicia, on the left, is a United States arsenal and signal 
station. Benicia (named by Gen. Vallejo after his wife) is a manu- 
facturing town with deep-water frontage. It con- 
tain*, tains, besides the arsenal, tanneries and other com- 
f'i»™iion a tat mercial establishments. Southeast of Benicia, across 
s^ukKi'mital' tne stwit, is the town of Martinez, near which John 
Muir, California's great naturalist, lived for many 
years. The tall smokestack east of the town belongs to the smelter of 
the Mountain Copper Co., which mines its ore near Kennett, in Shasta 
County. At this smelter sulphur fumes are utilized in making sulphuric 
add, which in turn is used in treating rock phosphate brought from 
tlio company's mine near Montpelier, Idaho, and here turned into fer- 
tilizer. Just beyond Benicia the train is run onto a ferryboat and is 
carried across Carquinez Strait to Port Costa, a distance of a mile. 

The geologic section from Benicia and Port Costa to the vicinity 
of Berkeley and Oakland is particularly interesting, as in it are 
represented many of the characteristic sedimentary formations of 
the Coast Range. The stratigraphic section is quite different from 
that of corresponding age in the Sierra foothills. 
Port Costa (see sheet 13, p. 90), the western ferry terminus, is a 
shipping point, particularly for grain, which comes 
Port Grata. from the interior valley ' and is here loaded into ocean- 

fii-vaii!,!! iiiwi. going vessels. A long line of galvanized-iron grain 
warehouses may be seen on the water front. 
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1 Agriculture in California had its be- 
[inning in wheat raising, and wheat was 
ong the State's greatest crop. Its pro- 
taction steadily increased, until about 
884, to over 54,000,000 bushels annually. 
rhe levelness of the great grain fields 
/ the valley led to the utilization of 



combined harvesters, steam gang plows, 
and other farm machinery of extraordi- 
nary size and efficiency. Recently, how- 
ever, fruit growing has become a more 
important industry than grain farming. 
In the value of its fruit crop California 
leads all the other States. 
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at sunset. A walk or drive to Redwood Peak takes the visitor past 
the former home of Joaquin Miller, author of "Songs of the Sierras" 
and many other familiar poems, and affords equally fine views. 

Leaving the station at Sixteenth Street, the train skirts the west 
side of the city and runs out on a pier or mole 1J miles long, from 
which the rest of the journey must be made on the San Francisco 
Ferries. The distance across the hay is 4 miles, and the trip is made 
in about 20 minutes. In crossing the hay the traveler sees Goat 
(or Yerba Buena), Alcatraz, and Angel islands to the right, Marin 
Peninsula beyond them, and the Golden Gate opening to the west of 
Alcatraz. 

Goat Island lies close to the ferry course across the bay. Like most 
of the other islands in the bay, it is owned by the Government. On 
the nearest point there is a lighthouse station, and below it the 
rocky cliff is painted white to the water's edge. Just to the right of 
this is the supply station for the lighthouses of the whole coast from 
Seattle to San Diego. Behind this station is the United States naval 
training station, of which the officers' quarters may be seen on the 
hillside and the men's quarters near the larger buildings below. At 
the extreme northeast point of the island is a torpedo station, where 
torpedoes are stored for use in the coast defense. 

On Alcatraz, the small island west of Goat Island, is a United 
States military prison, and on Angel Island, north of Alcatraz, are 
barracks and other military buildings, a quarantine station, and an 
immigrant station. 

Few people in viewing the Bay of San Francisco think of it in any 
other way than as a superb harbor or as a beautiful picture. Yet it 
has an interesting geologic story. The great depression in which it 
lies was once a valley formed by the subsidence of a block of the 
earth's crust — in other words, the valley originated by faulting. The 
uplifted blocks on each side of it have been so carved and worn by 
erosion that their blocklike form has long been lost. Erosion also has 
modified the original valley by supplying the streams with gravel and 
sand to be carried into it and there in part deposited. The moun- 
tains have been worn down and the valley has been partly filled. 
Possibly the valley at one time drained out to the south. However 
that may be, at a later stage in its history it drained to the west 
through a gorge now occupied by the Golden Gate. Subsidence of this 
part of the coast allowed the ocean water to flow through this gorge, 
transforming the river channel into a marine strait and the valley into 
a great bay. Goat Island and other islands in San Francisco Bay 
suggest partly submerged hills, and such in fact they are. 
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The Northwestern Pacific servos Mendocino, Sonoma, and Marin 
counties, on the north, and several smaller lines radiate from differ- 
ent ports on the bay. Only one railroad line, the Coast Line of the 
Southern Pacific, actually enters the city. The other roads have 
their terminals in Oakland and other cities around the hay. 

The first settlement on the present site of San Francisco dates 
from 1776. It consisted of a Spanish military post (presidio) and 
the Franciscan mission of San Francisco de Asia. In 
1836 the settlement of Yerba Buena (yair'ba bway'na) 
was established in a little cove southeast of Telegraph Hill. The 
name San Francisco was, however, applied to all three of these 
settlements. The United States flag was raised over the town 
in 1846, and the population rapidly increased, reaching perhaps 
900 in May, 1848. The news of the gold discoveries was followed 
by the crowds of fortune seekers, so that by the end of 1848 the 
city had an estimated population of 20,000. From that time on 
San Francisco has grown rapidly. The first regular overland mail 
communication with the East was established by pony express in 
1860, the charge for postage being $5 for half an ounce. In 1869 
the completion of the Central Pacific Railway to Oakland marked 
the beginning of transcontinental railway communication. 

The city suffered from severe earthquakes in 1839, 1865, 1868, 
and 1906. In respect to property loss the disaster of April 18, 1906, 
was one of the great catastrophes of history. The actual damage 
to the city by the earthquake was comparatively slight, but the 
water mains were broken and it was consequently impossible to 
check the fires which immediately broke out and which soon de- 
stroyed a large part of the city, including most of the business sec- 
tion. Some 500 persons lost their lives, and the estimated damage 
to property was between $350,000,000 and $500,000,000. Recon- 
struction began at once, and the city was practically rebuilt in the 
three years following the earthquake. 

The Ocean Shore Railroad (station at Twelfth and Mission 
streets) and connecting automobile line afford a good opportunity 
to see the geology along the shore from San Francisco to 
Santa Cruz. The return trip may be made by railroad 
or stage across the Santa Cruz Mountains. For a distance 
«f A\ miles north of Mussel Rock (11.9 miles from San Francisco) 
there is exposed in the bluffs along the coast a remarkable section 
of the Merced (Pliocene) formation, consisting of about 5,80Q feet of 
highly inclined marine clays, shales, sandstones, conglomerates, and 
shell beds. In these beds have been found fossil remains of 53 
species of marine animals, mostly moUusks, of which three-fourths 
are still represented by forms living in the ocean to-day. The San 
Andreas rift (the fracture along which displacement occurred in the 
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the south may be 8een San Francisco and Mount Hamilton (4,444 
feet). To the southeast is Mount Diablo (3,849 feet), through which 
runs the meridian and base line from which the public-land surveys 
of a large part of California are reckoned. Nearer at hand is the 
bay, with its dark-green bordering marshes, through which wind 
serpentine tidal creeks. Close under the mountain to the north is 
Lake Lagunitas (an artificial reservoir), and beyond it ridge after 
ridge of the Coast Range. To the west is the vast Pacific. 

From the summit of Tamalpais one Bees clearly that San Fran- 
cisco Bay is a sunken area in which hilltops have become islands 
and peninsulas. This area is the northern extension of the crustal 
block whose sinking formed Santa Clara Valley, A later sag 
admitted the ocean into the valley, and the Golden Gate, formerly 
a river gorge, became a strait. 

Mount Tamalpais has really three peaks: East Peak (2,586 feet), 
near which the Tavern of Tamalpais is situated ; Middle Peak (about 
2,575 feet); and West Peak (2,604 feet). From the grassy hills 
1J miles west of West Peak there is a good view of Bolinas Lagoon, 
through which passes the earthquake rift, but for close views of the 
rift topography the visitor should walk or drive through the valley 
between Bolinas Lagoon and Tomales Bay, where the effects of the 
movement of 1906 are still in many places clearly evident. 

Mount Tamalpais is composed wholly of the sediments of the 
Franciscan group and the igneous rocks usually associated with them, 
though it is chiefly sandstone. A mass of radiolarian chert occurs 
near the tavern, and serpentine may be seen at several places beyond 
West Peak. To one fond of walking and of marine views, a trip on 
foot to West Peak, thence down the main ridge to Muir Woods 
(redwoods), and back across the hills to Mill Valley may be heartily 
recommended. The distance is probably 8 or 9 miles. The Muir 
Woods, which bear the name of California's greatest nature lover, 
form a national monument, presented to the nation by William 
Kent, now Member of Congress from the first California district, for 
the purpose of preserving untouched by the lumberman one area of 
redwoods. No fitter memorial could be dedicated to the memory 
of John Muir, whose writings have contributed so much to the 
movement for preserving in national ownership, for public enjoy- 
ment, some of our finest scenic resources. 

The geologic event of greatest human interest on the Pacific coast 
in modern times was the San Francisco earthquake of 1906. It was 
produced by a sudden movement of the rocks (fault- 
i_ e -if, qn * e big) along opposite sides of a fracture which may be 
traced for many miles in the Coast Range. The fis- 
sure existed before the earthquake of 1906, and it is evident from the 
relations of hills and valleys along it that it has been the scene of 
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U. 8. GEOLOGICAL 8URVEY 



BULLETIN 614 PLATE XXV 




A. LA BREA WING OF THE MUSEUM OF HISTORY, SCIENCE, AND ART AT LOS ANGELES, CAL. 

The restored forms, in order from front to rear, are the mastodon (Mammut americanum), giant ground sloth 
( Mylodon), ancientox or bison ( Bos antiquus), male and female, and saber-toothed tiger (Smilodon californicus). 
In the case in front of the mastodon is the only human skull yet found in the deposits. 
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B. FOSSIL BONES IN ASPHALT OEPOSIT OF RANCHO LA BREA, NEAR LOS ANGELES, CAL. 



UNITED STATES. 
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ionua roiytecnnic scnooi ana in me loregrouna a leage 01 rocKs cnir- 
acteristic of the Franciscan. 

The railroad curve known as "the horseshoe" begins at Goldtree, 1 
miles from San Luis Obispo, with a grade of 2.2 per cent. The ascent 
oontinues through shallow cuts in sandstone belonging to the Fran- 
ciscan group, but at the end of the horseshoe, above Goldtree, the road 
Bwiiigs to the left and crosses a belt of serpentine to the open lull; 
country of the overlying Monterey shale. Near Serrano (elevation 
941 feet) Franciscan rocks again appear in complex association will 
serpentine and dark intrusive rocks. The railroad continues on these 
rocks principally for 4 miles, passing by six tunnels through ridges ol 
diabase. The longest tunnel, 3,616 feet long, is farthest north am! 
pierces the divide into Salinas Valley, nearly 600 feet beneath the 
summit. 

The black earthy shales seen between the northernmost tunnel and 
Cuesta (239 miles from San Francisco) are of Lower Cretaceous (Knos- 
ville) age. A little of the same shale was crossed between the first 
and second tunnels. The shale overlies the Franciscan rocks, but the 
two formations were hot deposited continuously. The Franciscan 
rocks were raised above the sea and eroded, then submerged again and 
covered by the muds now consolidated as the Knoxville shale. T» 
geologist expresses these facts briefly by saying that the Knoxville lies 
unconformably on the Franciscan. On the right, (east) at Cuesta is 
an area of dark intrusive rock (olivine diabase). Beyond this the 
railroad passes across a small area of light-colored shale (Monterey), 
traverses another area of dark Knoxville shale, and enters upon a belt 
of sandstone, which with some conglomerate and shale composes the 
characteristic Chico (Upper Cretaceous) formation. The sandstone 
of the Chico weather into large blocks. Near Santa Margarita the 
sandstone is covered by recent alluvium. 

The general trend or strike of the formations here, as elsewhere in 
this part of California, is northwest, in accord with the general align* 
merit of ridges and valleys. 

Santa Margarita is on the southwest side of a northwest-south- 
east depression which is followed for most of its length by S*b- 
nas (sa-lee'nas) Biver. The valley extends for S <<! 
a»ota Margarita. 9 miles southeast of the town and is followed D ? 
Eiemtion «M dot. the railroad for about 10 miles to the northwest. H' 
■ SJam mm a» mflKt owes 'to form partly to geologic structure and partlj 
to erosion, as it is occupied by comparatively &>''" 
Tertiary formations, while the hills on both sides are compel 
mainly of harder, older rocks. Along the southwest side of & 
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days in san francisco. ut 

the right, near the bay beyond 

population no. Menlo Park, is a large tannery, 

Lot Angolas «]mU«. ,'. ,, B , /' 

and far out in the marsh a sta- 
tion for drying Alaskan codfish. 

The town of Redwood was formerly the cen- 
ter of tbe redwood lumber industry of the 
Santa Cruz Range, then completely forested 
Most of the redwood trees art 
Redwood. gone, but a few of them can 

Elevation 7 feet. be Been scattered along the 

uu^tSjim. crest of the distant range. The 
trees in view, however, are 
III largely a second growth. On the left, near Red- 
jj J I wood, is a factory where magnesite is ground. 
5 a I Between Redwood and San Carlos there is • 
ill good view to the left (west) of an even- 
5*1 crested ridgo well clothed with forest. Thisis 
■S £ „- Cahill Ridge. Between it and the rounded 
1 1= oak-strewn foothills that he nearer to the rail- 
! | £ I road i8 the narrow, rectilinear valley of the 

|g ' | |i San Andreas rift. Two lakes, San Andreas 
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s| " and Crystal Springs, have been formed 

g 1 f part of the valley by damming and supply 

s g I much of the water used in San Francisco. 

Just beyond San Carlos, on the left (west), 
is an iron standpipe forming part of the water- 
supply system of San Francisco, and belo* 
it, near the railroad, is one« 
Smn Carioe. ^ pumping stations. Here 

^ _ Btaratton Ja feet. the oak-crowned hills composed 
-j. 1 of sandstones and other rods 

j So-g of the Franciscan group come close to t» 

* s bay and leave only a narrow belt of alluvium 

between the foothills and the salt marshes, 
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Fault. A fracture in the earth's crust accompanied by movement of the rock on 
one side of the break past that on the other. If the fracture is inclined and the 
rock on one side appears to have slid down the slope of the fracture the fault is 
termed a normal fault. If, on the other hand, the rock on one aide appears to 
have been shoved up the inclined plane of the break, the fault is termed a reverse 
fault. (See PI. XXXIII, B, p. 127; fig. 12, p. 90; fig. 15, p. 128.) 

Fault block. A part of the earth's crust bounded wholly or in part by faults. 

Fault scarp. The cliff formed by a fault. Host fault scarps have been modified by 
erosion since the faulting. 

Fauna, The animals that inhabited the world or a certain region at » certain time. 

Fissure. A crack, break, or fracture in the earth's crust or in a man of rock. 

Flood plain. The nearly level land that borders a stream and is subject to occasional 
overflow. Flood plains are built up by sediment left by such overflows. (See 
PI. XXIX, A, p. 119.) 

Flora. The assemblage of plants growing at a given time or in a given place. 

Fold. A bend in rock layers or beds. Anticlines and synclines are the common 
types of folds. (See fig. 15, p. 128.) 

Formation. A rock layer, or a series of continuously deposited layers grouped 
together, regarded by the geologist as a unit for purposes of description and 
mapping. A formation is usually named from some place where it is exposed is , 
its typical character. For example, Denver formation, Niobrara limestone 

Fossil. The whole or any part of an animal or plant that has been preserved in 
the rocks or the impression left on rock by a plant or animal. Preservation is 
invariably accompanied by some change in substance, and from some impresuoaf 
the original substance has all been removed. (See PI. XXV, p. 92.) 

Gneiss (pronounced nice). A rock resembling granite, but with its mineral con- 
stituents so arranged as to give it a banded appearance. Most gneisses are meta- 
morphic rocks derived from granite or other igneous rocks. 

Granite. A crystalline igneous rock that has solidified slowly deep within lie 
earth. It consists chiefly of the minerals quartz, feldspar, and one or both <i 
the common kinds of mica, namely, black mica, or biotite, and white mica, c 
muscovite. The feldspar is the kind known as orthoclase, and may be distin- 
guished from quartz by its pale reddish tint and its property of breaking with flat 
ahining surfaces (cleavage), for quartz breaks irregularly. The micas are easily 
recognized by their cleavage into thin, flexible flakes and their brilliant luster 

Horizon. In geology any distinctive plane traceable from place to place in different 
exposures of strata and marking the same period of geologic time. A particuni 
horizon may be characterized by distinctive fossils. 

Igneous rocks. Rocks formed by the cooling and solidification of a hot liquid 
material, known as magma, that has originated at unknown depths within th* 
earth. Those that have solidified beneath the surface are known as intrusm 
rocks, or, if the cooling has taken place slowly at great depth, as plutonic in urn**. 
or pi u tonic rocks. Those that have flowed out over the surface are known as effu- 
sive rocks, extrusive rocks, or 'lavas. The term volcanic rocks includes not only 
lavas but bombs, pumice, tuff, volcanic ash, and other fragmenbU material) a 
ejecta thrown out from volcanoes. 

I-ithologic Pertaining to litbology, or the study of rocks. (See also Petrology.) 
Pertaining to rock character. 

Lode. An ore-bearing vein (see Vein); especially a broad or complex vein. 

Loess (pronounced lurse with the r obscure). A fine homogeneous silt or loam low- 
ing usually no division into layers and forming thick and extensive deposits in 
the Mississippi Valley and in China'. It is generally regarded as in part at lead 
a deposit of wind-blown dust. 
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Stratigraphy. The branch of geologic science that deala with the order and rela- 
tions of the strata of the earth's crust. 

Strike. The direction along which an inclined rock layer would meet the earth's 
surface if that surface were level. The outcrop (which see) of a bed on a plain is 
coincident with its strike. 

Structure. In geology the forms assumed by sedimentary beds and igneous rocks 
that have been moved from their original position by forces within the earth or the 
forms taken by intrusive masses of igneous rock in connection with effects pro- 
duced mechanically on neighboring rocks by the intrusion. Folds (anticlines 
and synelinee) and faults are the principal mechanical effects considered under 
structure. Sehistosity and cleavage are also structural features. 

Syncline. An inverted arch of bedded or layered rock suggestive in form of a canoe. 

Talus (pronounced tay'lus). The mass of loose rock fragments that accumulates it 
the base of a cliff or steep slope. 

Terrace. A steplike bench on a hillside. Most terraces along rivers are remnant* of 
valley bottoms formed when the land was lower or when the stream flowed if 
higher levels. Other terraces have been formed by waves. Some terraces have 
been cut in solid rock, others have been built up of sand and (Travel, and prill 
others have been partly cut and partly built up. (See PI. XXIX, A, p. 119.) 

Till. The deposit of mingled bowlders, rock fragments, and soil left behind by a 
melting glacier or deposited about its margin. 

Tuff. A rock consisting of a layer or layers of lava particles blown from a volcano. 
A fine tuff is often called volcanic ash and a coarse tuff breccia. 

Type locality. The place at which a formation is typically displayed and from 
which it is named ; also the place at which a fossil or other geologic feature is dis- 
played in typical form. 

Unconformity. A break in tho regular succession of sedimentary rocks, indicated 
by the fact that one bed rests on the eroded surface of one or more beds which 
may have a distinctly different dip from the bed above. An unconformity may 
show that the beds below it have at some time been raised above the sea and have 
been eroded. In some places beds thousands of feet thick have been washed 
away before the land again became submerged and the first bed above the sur- 
face of unconformity was deposited. If beds of rock may be considered as leaves 
in the volume of geologic history, an unconformity marks a gap in the record. 

Vein. A mass of mineral material that has been deposited in or along a fissure in 
the rocks. A vein differs from a dike in that the vein material was introduced 
gradually by deposition from solution whereas a dike was intruded in a molten 
condition. 

Volcanic bomb. A rounded mass of lava thrown out while in a hot and pasty con- 
dition from a volcano. A bomb, like a raindrop, is rounded in its passage through 
the air and may he covered with a cracked crust due to quick cooling. 

Volcanic cone. A mountain or hill usually of characteristic conical form, built up 
around a volcanic vent. Tho more nearly perfect cones are composed principally 
of lava fragments and volcanic ashes. 

Volcanic glaaa. Lava that has cooled and solidified before it has had time to 
crystallize. 

Volcanic neck. A plug of lava that formerly congealed in the pipe of a volcano 
When the tuffs and lava flows that make up most of a volcano have been washed 
away by erosion the neck may remain as an isolated hill. 

Volcanic rocks. Igneous rocks erupted at or near the earth's surface, including 
lavas, tuffs, volcanic ashes, and like material. 

Weathering. The group of processes, such as the chemical action of sir and rain 
water and of plants and bacteria and the mechanical action of changes of tem- 
perature, whereby rocks on exposure to the weather change in character, decay, 
and finally crumble into soil. (See PI. XXVII, p. 109.) 
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THE RELIEF OF OUR PACIFIC COAST 



Ever since the landing of the Pilgrims 
on Plymouth Bock and the founding of 
Jamestown, if not even in the Garden of 
Eden, "Westward Ho" has been the cry, 
and the inspiration of this call of the wild 
is well portrayed by Leutze in his famous 
painting at the national capitol. 

"Westward the Star of Empire takes 
its way" is no less true to-day than two 
centuries ago, but from a more commercial 
point of view. 

The near sea level transcontinental 
water route of the Panama Canal is in 
strong contrast with the bold relief of the 
immigrant route of the early days in 
wagons across the Great Plains and Rocky 
mountains, with the privations of the Great 
Basin to the ranges of the Pacific coast 
with luxuriant wealth of forest and field, 
affording the framework for the Golden 
Gate where the Panama-Pacific Exposition 
is about to celebrate the opening of the 
great canal. 

Many a traveler will find his way from 
the Atlantic coast to California on that 
occasion, and to prepare him for the strong 
contrast between the surface features of 
the two ocean borders I have selected as 
my theme on this occasion "The Belief of 
Our Pacific Coast." It will indeed be a 
great relief to the generous heart of the 
Pacific coast to welcome a large number 
of visitors to the Panama-Pacific Exposi- 

i Address of the Vice-president and Chairman 
of Section of Geology and Geography, American 
Association for the Advancement of Science, 
Philadelphia meeting, December, 1914. Published 
with the permission of the Director of the U. 8. 
Geological Surrey. 



tion, but that is not the relief to which I 
refer. It is to the form of the land sur- 
face, its ups and downs with reference to 
the sea level along our Pacific coast, that 
your attention is invited. It is the sub- 
ject which in one form or another has held 
my attention as a field of investigation in 
connection with the United States Geolog- 
ical Survey for many years. Do not be 
dismayed at this length of service as 
affording a suggestion of the duration of 
this discourse. But quite the contrary, 
the proportion should be inverse, for it 
seems quite probable that my eminent pred- 
ecessor, Professor Lesley, was right when 
he declared that geologists talk too much, 
and I shall heed his admonition. 

The backbone of the North American 
continent is in the Rocky Mountain system 
relatively near the Pacific coast. The 
great valley of the Mississippi lies to the 
east with the Appalachians and the coastal 
plain of the Atlantic States beyond. A 
200-mile wide belt on the Atlantic coast, 
at least from Virginia southward, is a 
coastal plain and piedmont region without 
mountains or even big hills, but on the 
Pacific coast the 200-mile belt is mountain- 
ous in the extreme from Canada to Mexico. 

The mountain belt of the Pacific coast 
is but a member of that merged group of 
mountain systems, the Cordilleran, that 
runs through the western United States 
and Mexico and forms the continental 
bond of Panama, now so happily pierced 
for the commerce of the world and so fit- 
tingly and attractively celebrated in the 
Panama-Pacific Exposition. 
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Indeed, it is believed that the mountain 
belt of onr Pacific coast is no small part 
of the attraction to the exposition. It 
constitutes not only the framework of the 
Golden Gate, the scene of the great event, 
but in itself embraces some of the finest 
scenic features of the world among which 
are four national parks, the Yosemite, 
General- Grant, Crater lake, and Mount 
Rainier, besides three national monuments, 
the Pinnacles and Cinder Cone in Cali- 
fornia, the caves of Oregon, and Mount 
Olympus in Washington, all districts of 
profound geologic and geographic interest 
and each so distinctive as to be especially 
attractive. 

The relief of a country may be expressed 
in terms of water power, and considering 
the rainfall the water power is propor- 
tional to the relief. From this point of 
view the Pacific coast relief is greatly in 
excess of an equal area of the Atlantic 
coast. 

The area of the direct drainage into the 
ocean from the Atlantic States is approxi- 
mately 284,000 square miles, 2 while that 
into the Pacific, not counting the Colorado 
River, is about one fourth greater than 
that of our Atlantic coast, and yet the 
energy represented by the Pacific drain- 
age is more than seven times that of the 
Atlantic coast. By far the greater portion 
is undeveloped and gives some idea of the 
latent possibilities of the empire of our 
west. Attention should be called to the 
fact, however, that much of the Pacific 
coast power is in the Columbia river, of 
which the greater part lies east of the 
mountain belt, but, even excluding that 
portion of the Columbia, the enormous 
power of the mountain belt greatly exceeds 
that of an equal area along our Atlantic 
coast. 

With this may be coupled also that of 
the production of precious metals, which 

a Water Beeources Paper No. 284, pp. 52-57. 



are vein deposits formed as an adjunct of 
stresses that express themselves in relief. 
The production of precious metals in the 
mountain belt of the Pacific coast in recent 
years has been hundreds of times that of 
the Atlantic States. 

The mountain-building period on the 
Pacific coast bordering the larger ocean 
may have been longer and more intense 
than that on the Atlantic, resulting in 
greater and perhaps later segregation, so 
that erosion has not removed the moun- 
tains, as has been the case upon the At- 
lantic side. 

That this is not simply a matter of time, 
but of actual deformation and uplift, may 
be inferred from the enormous deposits of 
limestone and coal to the east, which indi- 
cate not only a region of low relief but low 
relief of wide extent. Strengthening the 
contrast in the relief of the coasts but bal- 
ances the values of the mineral deposits. 

PACIFIC COAST MOUNTAIN BELT 

The continental feature bordering the 
Pacific coast of the United States is a 
mountainous belt of surpassing grandeur. 
Lying between the Great Basin platform 
of the interior on the east and the Pacific 
ocean on the west, it is the crushed and up- 
heaved edge of the continent along the line 
of counter stress between the land and sea. 
The great upfolds of the earth's surface 
in that region are so young as to preserve 
much of the prominent form and mass re- 
sulting from the deformation. 

It is remarkable for its lineal continuity, 
with a width ranging from 100 to 200 
miles throughout a length of 2,500 miles. 
Some of it indeed at both the northern and 
southern ends is below sea level, but other 
portions, especially in California, Oregon 
and Washington, bear the highest peaks in 
the United States south of Alaska. 

The general form of the belt is slightly 
sigmoid with a broad coastal curve to the 
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west in northern California and to the east 

at the international boundary (49th par.), 
resulting from large structural features 
which will appear in an analysis of the 
members of the belt 

The general features of the belt are two 
lines or ranges of mountain elevations with 
a great valley between. For the most part 
the two lines of mountains appear to be 
parallel with each other and the coast ; the 
Sierra Nevada and the Cascade ranges on 
the east and the coast ranges, including the 
Klamath mountains of California and Ore- 
gon and the Olympic mountains of Wash- 
ington on the west from near the Mexican 
line to British Columbia. They are sepa- 
rated by a depression, a great valley more 
or less continuous from the Gulf of Cali- 
fornia and Salton Sea on the south through 
the Great Valley of California, the Wil- 
lamette Valley of Oregon and Puget Sound 
to Georgian strait on the north, which it 
enters and follows with less definition 
along the coast of British Columbia to 
Alaska, a total distance of about 2,500 
miles. 

In the United States there are only three 
rivers, the Columbia, the Klamath and the 
Sacramento (including the Pit), which cut 
across the entire mountain belt from the 
interior platform to the sea, although three 
others, the Chehalis, Umpqua and Rogue 

rivers, rise on the west slope of the Cascade 
range and break through the coast range. 
The mountain ranges which now consti- 
tute the topographic limits of the Great 
Valley of the Pacific coast are composed 
of parts that differ widely in origin, age 
and composition. 

THE SIERRA NEVADA 

The Sierra Nevada is a massive mountain 
block, 350 miles long and 80 miles wide, 
with a long gentle slope west to the Great 
Valley, and to the east has a short steep 
slope, due to faulting, that separates the 



rocks of the Sierra from those of the Great 
Basin. 

The Sierra Nevada is composed of sedi- 
mentary and igneous rocks of various ages, 
from Silurian to Jurassic, which have been 
closely folded and intruded by batholithic 
masses of granitic rocks. The folding and 
intrusion have greatly altered the rocks 
and developed in them numerous metal- 
liferous veins, chiefly of auriferous quartz. 
During a long period of erosion which 
washed away the mountains and reduced 
the country to low relief the veins gave rise 
to auriferous gravels, and some of the 
earlier of these gravels in the northern por- 
tion of the range are covered by flows of 
Tertiary lavas. 

The southern and central portion of the 
range where granodiorite prevails is one 
great topographic block bounded on the 
east by a fault zone, which curving to the 
west around the southern end, meets the 
San Andreas fault of recent earthquake 
fame and brings the Sierra Nevada and the 
Coast range together. In the northern por- 
tion of the range along the eastern side of 
the great block, adjoining the Great Basin 
and suggesting its structure, there are two 
smaller fault blocks, one of which locally 
has sunk for Lake Tahoe, while the other 
forms the bold eastern escarpment of the 
range. 

The Tertiary lavas of the Sierra Nevada 
are continuous to the northward with the 
great pile of volcanics in the Cascade range, 
beneath which the older terranes of the 
Sierra Nevada disappear with a strike of 
approximately N. 50° W. toward the Kla- 
math mountains, about 60 miles away. 
Some minor faults appear in the lavas of 
the Lassen Peak region but major faults 
like those which characterize the Sierra 
Nevada have not yet been recognized in 
the Cascade range. 

The faulting which limits the Sierra 
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Nevada on the east, as emphasized recently 
by Ransome, has been of long duration and 
is still in progress, as evidenced by the 
many small earthquakes at points along its 
course. The Owens Valley earthquake of 
1872 is the most notable example resulting 
from a fault of 10 feet. 

The earthquake was widely felt, but 
there are many that are not felt at all under 
ordinary circumstances, and yet may be 
clearly detected and their intensity and 
duration measured by a seismograph. 
Every earthquake indicates a change in 
the relative position of the rocks, however 
small, either horizontal or vertical or both, 
and consequently in the relief of the coun- 
try. It may truly be said that the moun- 
tains are growing. In no other part of the 
United States is there as great seismic activ- 
ity as along our Pacific coast, a fact which 
means that the mountains are not only 
growing, but growing faster than elsewhere 
in the United States. Some are growing 
less, others greater, and there is need, as 
pointed out by Lawson, of establishing 
bench marks, on opposite sides along the 
faults, so that the amount and character of 
the change may be measured. 

The transformation of the Sierra Nevada 
from a region of low relief to one of high 
relief so increased the river grades of its 
western slope that they have carved out 
deep canyons which now form the principal 
relief feature in the scenic attractions of 
the range. The Yosemite Valley is the 
finest example, although rivaled by that 
of Kern River, and is one of our most im- 
pressive and instructive national parks. 
This is especially the case since nature has 
made some of the finest trees in the region 
big in proportion, as if to correspond to the 
size of the canyon. 

KLAMATH MOUNTAINS 

The Klamath Mountains are an irregular 
half crescentic group of peaks and ridges 



along the coast in northwest California 
and southwest Oregon. The general shape 
is that of a saddler's knife, with the 
curved side to the west and the handle to 
the east, a little south of the center. Their 
greatest extent north and south is about 
225 miles, with 75 to 115 miles in width. 
The crescentic border follows the coast for 
about 90 miles north from the mouth of 
Klamath River in California to near Rogue 
River in Oregon. To the northwest of the 
Klamath Mountains is the coast range of 
Oregon. To the southwest is the coast 
range of California, both overlapping the 
western curve of the Klamath Mountains 
along the coast. On the east lies the Rogue 
River Valley, Shasta Valley and Sacra- 
mento Valley bordered by the great lava 
field of the Cascade range. 

The Klamath Mountains are composed 
chiefly of Carboniferous and Devonian 
sediments, with a large proportion of con- 
temporaneous lava flows of rather basic 
types. Besides these there are large bodies 
of mica and hornblende schists of pre- 
Paleozoic age, as well as sediments and 
effusives belonging to the Jurassic and 
Triassic. 

These rocks are folded, faulted and in- 
truded by batholithic masses composed of 
granodiorite, gabbro and peridotitdc rocks 
centering in a general core with aligned ter- 
minals that curve to the northeast in 
Oregon and southeast in California. The 
later sedimentary rocks of the Klamath 
Mountains, the Jurassic and Triassic, are 
richly fossiliferous in the Redding quad- 
rangle, where they are associated with 
equally fossiliferous Carboniferous and 
Devonian strata that form the hills lying 
east of the Sacramento River and the rail- 
road between Redding and Mt. Shasta. In 
the southern part of this exposure the Me- 
sozoic rocks strike S. 50° E. in line with 
rocks of essentially the same age and posi- 
tion 75 miles away in the northern portion 
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of the Sierra Nevada. To the northward 
in the Bedding quadrangle we see these 
Mesozoic rocks curve to the right and strike 
to the northeast in the general direction of 
the Blue Mountains of Oregon. Now this 
change in the strike is not limited to the 
eastern portion of the Klamath Mountains 
in the Bedding quadrangle, but, more or 
less distinctly marked, it extends through- 
out the great stretch of the Paleozoic rocks 
of the whole group in both California and 
Oregon. Furthermore, the same curved 
trend is suggested by the form of the in- 
truded masses. The mass of granodiorite 
between Lewiston and Igo extends south- 
east and widens directly toward the Sierra 
Nevada, where similar rocks are abundant 

While the composition and the plication 
of the rocks of the Klamath Mountains tend 
to show close relationship to the Sierra 
Nevada, it is only partial, and in reality the 
two are distinct, being separated in the 
first place by a wide depression probably 
due, as long ago pointed out by Whitney, 
to a fault across the trend of the range, and 
in the second place characterized by a series 
of overthrust faults quite unlike those which 
obtain in the Sierra Nevada. 

Although the detailed structure of the 
Klamath Mountains has not been worked 
out, some of the major structures have been 
apprehended by Hershey and others suffi- 
ciently for consideration in this compari- 
son of the several ranges of the Pacific 
coast chain. 

The southwest limit of the Klamath 
Mountains against the coast range of Cali- 
fornia is marked by a profound thrust 
fault on which the highly crystalline schists 
of South Fork Mountain appear to have 
been thrust to the southwest up over the 
Cretaceous and Jurassic rocks toward the 
coast. The fault runs northwest and south- 
east and the hard schists give rise to a 
prominent long even-crested mountain 



ridge, one of the most conspicuous mem- 
bers of the Klamath Mountain group. 

In Oregon a similar fault occurs through 
the Kerby region of Josephine County, 
where Devonian rocks are in effect thrust 
northwest toward the ocean up over those 
of Jurassic age. The fault runs northeast 
and southwest and erosion has developed 
prominent mountains facing the valley 
that lies to the northwest. 

The Kerby fault if continued southwest 
in the same strike would intersect the South 
Fork Mountain fault, but, according to 
Hershey, before it reaches the South Fork 
Mountain fault it curves to the south and 
finally southeast so as to parallel the South 
Fork Mountain fault. 

Farther east there is another fault belt 
which at the south end in California trends 
southeast, while at the northern end in Or- 
egon its course is to the northeast. Like 
the other, it appears to be a thrust fault. 
Hershey has estimated the overthrust 
locally in one of the Klamath Mountain 
faults as much as a mile. 

The curved thrust faults traversing the 
Klamath Mountains are in strong contrast 
with the normal faults of the Sierra 
Nevada. The Klamath Mountain thrust is 
to the westward. The downthrow of the 
normal faults in the Sierra Nevada is to 
the eastward. Thrust faulting occurs also 
locally in the Sierra Nevada, but at Tay- 
lorsville the thrust is to the eastward. 

The Klamath Mountains are insular in 
character. Composed largely of Paleozoic 
rocks and surrounded by rocks of later age, 
they formed a buttress in the development 
of the coast ranges of California and Or- 
egon. From the Sierra Nevada they are 
separated by a depression in the older rocks 
that extends northward beneath the Cas- 
cade range. 

During a portion of the Cretaceous the 
Klamath Mountains were above sea level, 
but the gradual subsidence of the land al- 
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most or quite completely immersed them 
at the close of the Chico epoch, as shown 
by the rather widespread occurrence of 
fossiliferous fragments of sandstone from 
the Chico formation in the auriferous grav- 
els of that region. During the early Ter- 
tiary the region was a lowland of gentle 
relief cut down like the Sierra Nevada to 
a peneplain, but later it was raised as per- 
haps the great valley sank, and became a 
prominent mountain group. 

THE COAST RANGE OF CALIFORNIA 

The coast range of California lacks the 
wealth of precious metals found in the 
Sierra Nevada, and for that reason until 
recently it has not received so much atten- 
tion from geologists. But the discovery of 
oil and its development has greatly stimu- 
lated research in that field. Only a few 
districts have been surveyed in detail and 
published, but much general reconnaissance 
has been done. What we know of the com- 
position, structure and history of the range 
has been admirably summarized by A. C. 
Lawson and Ralph Arnold. Their sum- 
maries have recently been discussed in a 
most helpful critical way by Bansome, who 
is himself familiar with portions of the 
region. 

The coast range of California, according 
to Lawson, extends from the Mexican 
boundary to near the mouth of Klamath 
River, with a length of about 720 miles, a 
width ranging from 40 to 60 miles, and a 
general trend of N. 30° W. 

At the northern end Lawson includes the 
South Fork Mountain in the coast range, 
but it seems to me that the great fault on 
the western slope of South Fork Moun- 
tain is the delimiting feature and keeps the 
South Fork Mountain and Yallo Bally in 
the Klamath group. 

The coast range is regarded by some, and 
Bansome among them, as ending on the 
south at the headwaters of Santa Maria 



River where the Tehachapi range joins the 
southern terminus of the coast range to the 
Sierra Nevada. 

South of the Santa Maria Biver is a 
group of ridges including the San Rafael, 
Santa Barbara, Santa Ynez, San Gabriel, 
San Bernardino and other ranges, which, 
although not strictly parallel, have a gen- 
eral trend nearly east and west. These 
ranges embrace the Los Angeles country 
and have been most appropriately referred 
to by Bansome as the Sierra de Los Angeles. 

The coast range throughout is composed 
of a succession of parallel ridges which, 
south from San Francisco to Santa Maria 
Biver, trend about N. 43° W., while in the 
northern portion of the range the trend ia 
N. 26° W., giving an average course of 
N. 30° W. for this portion of the range. 
Everywhere the course of the ridges is 
more or less oblique to the coast line, which 
is made up of a series of zigzags that Law- 
son regards as probably due to faulting 
parallel and transverse to the ridges, thus 
cutting them off on the shore and affording 
excellent exposures of the composition and 
structure of the range. 

The coast range of California is com- 
posed chiefly of Mesozoic and Tertiary 
rocks, with some that are older, as well as 
a considerable portion that belong to the 
Pleistocene. The oldest rocks are marble, 
quartzite, mica and hornblende schists like 
those of the Klamath Mountains and Sierra 
Nevada. They appear mainly as inclu- 
sions in the granitic rocks which form the 
concealed basement of the coast range and 
upon which was deposited unconformably 
the Franciscan formation, a complex suc- 
cession composed in the main of strongly 
indurated sandstone with subordinate quan- 
tities of shale and conglomerate, a consider- 
able part of radiolarian chert and foramin- 
iferal limestone. In the upper part of the 
formation are interbedded lavas, and the 
whole is intruded by peridotite and basalt. 
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A thick series (29,000 feet) of shales, sand- 
stones and conglomerate of Cretaceous age 
follow unconformably on the crushed Fran- 
ciscan and are succeeded by an extensive 
succession of shales, sandstones and con- 
glomerates of Tertiary and Quaternary age. 

In composition the coast range is in 
strong contrast with the Sierra Nevada, 
being much the younger. There are great 
differences in structure also. The rocks of 
the coast range are folded, as Lawson points 
out, in rather sharp synclines and anticlines, 
some of which are overturned, as in the 
Monte Diablo region, toward the ocean and 
thrust faulted, but they are never so closely 
appressed as to indicate general and impor- 
tant deformation of the internal structure 
of the rocks affected. There has been no 
development of slaty cleavage or schistos- 
ity. In general, the axes of the folds are 
northwest-southeast, and although the mi- 
nor folds may be more or less divergent, 
the major folds are parallel and extend for 
many miles. The coincidence of many of 
the larger valleys with a synclinal axis is 
very marked. 

The coast range throughout is a faulted 
range and the faulting has had even more 
to do with the form of the relief than the 
folding. Many of the valleys are fault 
valleys with unsymmetrical slopes, the fault 
lying near the steeper slope. The faults, 
too, are especially interesting because of 
the earthquakes they produce. Faulting is 
still in progress, and each slip or movement 
along the fault plane results in a shock. 
The great earthquake of 1906 resulted from 
a slip along the San Andreas rift which 
has been traced for 600 miles. The move- 
ment was greatest in the neighborhood of 
San Francisco and chiefly horizontal in- 
stead of vertical, as is perhaps generally 
the case. Hundreds of faults slip and 
slight shocks occur in California every 
year, and perhaps hundreds more too 
gentle to attract attention. 



The coast range as a whole may well be 
outlined by faulting. The steep bluff of 
the coast beneath the shallow and the deep 
sea is probably due to faulting, and the 
eastern side of the range in Tehama and 
Shasta Counties has a series of large sand- 
stone dikes that evidently resulted from 
an earthquake, possibly in Tertiary time. 
Unlike the Sierra Nevada, which is mainly 
one great block tilted so that the streams 
consequent upon the tilting flow directly 
transverse to the range, the coast range is 
composed of many blocks with the main 
divide along the eastern edge, but the 
streams, instead of being wholly consequent, 
taking the shortest route directly to the 
ocean, are subsequent and follow the lines 
of easiest erosion along faults and folds to 
the sea. 

According to Bansome, referring to the 
work of many others, the structure of the 
Sierra de Los Angeles appears to show a 
transition from a combination of folding 
and faulting such as is characteristic of 
the coast ranges to tilted block mountains, 
exemplified by the San Bernardino range, 
such as are characteristic of the Great 
Basin. 

Much yet remains to be done before a 
comprehensive statement can be formulated 
concerning the structure of the coast ranges 
as a whole, but with the large corps of 
workers from the universities at Berkeley 
and Stanford and the United States Geo- 
logical Survey as well as others in the field 
the detailed information is rapidly accumu- 
lating. 

The coast route from Los Angeles to 
San Francisco is in the coast range through- 
out the entire trip and affords an excellent 
opportunity to observe many of its features. 

THE COAST RANGE OF OREGON 

If in California we have in the Pacific 
system two ranges, the Sierra Nevada and 
the coast range, which are strongly con- 
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trasted in composition, structure and age, 
in Oregon we have two ranges of still 
greater contrast, not only in composition, 
structure and age, but in mode of develop- 
ment. 

The coast range of Oregon extends from 
Cape Blanco in Oregon through Washing- 
ton to the strait of Juan de Fuca, a dis- 
tance of nearly 400 miles. At the southern 
end it abuts against or rather runs into the 
Klamath mountains without any . sharp 
topographic termination. At the north it 
ends in the Olympic mountains of bold 
relief, reaching an altitude of 8,150 feet, 
but not quite reaching the height of the 
Klamath Mountains. South of the Columbia 
along its crest are Onion Peak, Saddle 
Mountain and Mary's Butte, of which sev- 
eral are volcanic. 

On the whole the range is a unit but ir- 
regular and, as compared with the Sierra 
Nevada and coast range of California, is 
characterized by its lack of effect upon 
drainage. Although of small extent, it is 
cut across by four rivers, the Umpqua, 
Nehalen, Columbia and Chehalis. 

It is composed wholly of Mesozoic and 
Tertiary rocks which at both ends abut 
against those of the Paleozoic age. The 
Franciscan series of sandstones, shales and 
cherts of Franciscan age, with serpentine 
and other intrusives, form a large part of 
the Olympics and a portion of the south- 
ern terminus of the range in Oregon, but 
have not been recognized in intermediate 
portions of the range. The same is true of 
the Cretaceous, especially the Upper Cre- 
taceous, which lies with marked iincon- 
formity upon the rocks of Franciscan age 
and thus records the great diastrophic 
epoch of compression, probably about the 
close of the Jurassic. 

The Cretaceous on the Pacific coast was 
a time of subsidence so profound, at least 
in one locality, as to result in the accumu- 
lation of 29,000 feet of deposits in a mod- 



erately shallow sea which transgressed the 
sinking land until it reached the base of 
the Sierra Nevada. In Oregon there was 
apparently a great embayment covering 
not only the northern end of the Klamath 
Mountains, but extending inland beyond 
the Cascade range to the base of the Blue 
Mountains. This great sinking embay- 
ment, as it were in the lee of the Klamath 
Mountains, the stable and insular terminus 
of the Sierra Nevada, is an important fea- 
ture of both the Cascade and the coast 
ranges in Oregon. The steeper inclination 
of the Cretaceous strata as compared with 
the Eocene indicates their unconformity, 
and the discordance is the greater in pro- 
portion as the underlying Cretaceous is 
older. 

The Eocene sandstones and shales, al- 
though mainly marine, are in part of fresh 
or brackish water accumulation and con- 
tain locally more or less important deposits 
of coal. They form the bulk of the coast 
range in Oregon and southwest Washing- 
ton, and with them are associated in many 
places contemporaneous volcanics, for the 
most part basalts. 

A large part of the coast range in Ore- 
gon and Washington south of the Olympics 
was probably not raised above the ocean 
before the close of the Eocene, but at that 
time the elevation became somewhat more 
pronounced, forming a low ridge which 
with minor oscillations admitted the Mio- 
cene sea through the gateway of the Che- 
halis and Columbia into the Willamette 
Valley. 

Toward the southern end, where the 
Eocene contains some marine sandstones 
derived from the near shore of the Kla- 
math Mountains, the coast range is gently 
synclinal. It presents a bold bluff with 
even crest to the Umpqua Valley, possibly 
due to a fault. Although, as a whole, the 
coast range of Oregon has not been sub- 
jected to as great compression as that of 
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California, nor cut into parallel ridges by 
large faults, yet in places along the coast, 
as at Coos Bay, the thinner bedded Eocene 
has been folded and compressed into a 
vertical position. The later intermittent 
uplift during the Quaternary is recorded 
by a series of elevated beaches cut more or 
less deeply on the west slope by the ocean 
waves. 

THE CASCADE RANGE 

The Cascade range is essentially a vol- 
canic range stretching from Lassen Peak 
in California to Mt. Rainier in Washington, 
a distance of 450 miles. At both ends the 
lavas lap up on to the uplifted mountains 
of older rocks, the Sierra Nevada in Cali- 
fornia and the northern Cascades in Wash- 
ington, but between these two from the 
Columbia River in Washington to the Pit 
River in California, for a distance of 
nearly 300 miles, the range is composed 
largely, if not wholly, of igneous rocks that 
have escaped from a great belt of volcanoes 
that form the range. The summit of the 
range is an irregular plateau strewn with 
many lava and cinder cones, of which each 
one marks the site of a volcanic orifice 
tributary to the upbuilding of the range. 

Where best developed, as shown in the 
Klamath and Columbia river sections, the 
body of lava forming the range is on the 
average probably about 4,000 feet in thick- 
ness, but in the greater volcanoes like 
Hood, Jefferson, Mazama, Shasta and Las- 
sen it rises to accumulations of 6 to 10,000 
feet in thickness. The later foundations 
of the Cascade range were laid in the Ore- 
gon embayment during the Cretaceous and 
early Tertiary times, possibly before the 
ranges were distinctly outlined. The Ter- 
tiary volcanic effusions began in Oregon 
west of the* Cascade range during the 
Eocene and possibly a little later in the 
same epoch eruptions began in the base of 
the Cascade range. During the later Ter- 
tiary the volcanic activity was greatest and 



the bulk of the range, though partly up- 
lifted, was in equal or perhaps even greater 
measure upbuilt by flows of viscous ande- 
sitic lavas with much ejected material. 
Basalts are common and some acid lavas 
are known, but the great bulk of the range 
is andesite in strong contrast with the great 
lava plains east of the Cascades, where the 
thin basalt flows spread out horizontally 
like sheets of water. The change from the 
plain to the mountain slope at the eastern 
base of the Cascade range is abrupt and 
distinct, and due, for the most part, to the 
fact that the stiff viscous andesitic lavas 
were able to build up steep slopes while the 
superheated and highly liquid basalts 
spread out like water along the irregular 
mountain front. 

After the close of the Tertiary the vol- 
canic activity waned, although eruptions 
occurred to within the historic period and 
possibly even to the present day if the out- 
bursts from the summit of Lassen Peak de- 
velop so as to involve molten material. 

However that may be, there is no doubt 
that the Cinder Cone and its lava field 10 
miles northeast of Lassen Peak resulted 
from one or more eruptions within a cen- 
tury or two. In 1843 both Baker and St. 
Helens were in violent eruption, ejecting 
large quantities of ashes, of which Fre- 
mont obtained samples collected at the time 
of the eruption. There is also well-attested 
authority that eruptions occurred on Mt. 
Baker in 1854, 1858 and 1870. In general, 
however, the volcanoes of the Cascade 
range are considered extinct, and the up- 
building of the Cascade range completed 
as far as the actual accumulation of lava 
is concerned. 

While the great altitude of the range is due 
chiefly to the piling up of lavas, a consider- 
able portion is due to actual uplift, for in 
the Cretaceous of the Rogue River valley 
marine shells now occur at the elevation of 
3,000 feet which must have been elevated to 
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that amount. The same may be said of the 
Eocene. It is, however, important to note 
that the uplifting of the Cretaceous and 
Eocene sediments about the close of the 
Tertiary was connected with the Klamath 
Mountains rather than that of the Cascade 
range. 

Faulting that has played so large a role 
in the development of the Sierra Nevada 
and the coast range of California has not 
given general features to the volcanic mass 
of the Cascade range. Small faults are 
common in the lavas southeast of Lassen 
Peak, forming lines of bluffs and bringing 
the ground water to the surface in large 
springs, a feature which is common also in 
the Klamath Lake region and, as pointed 
out by Russell, along other portions of the 
range, but these small faults have no effect 
on the general form of the range. 

Along the western base of the range in 
the Willamette Valley, Washburne has 
pointed out some features suggesting a 
fault, but as yet its existence is a matter of 
doubt. There is no great relief feature in 
that region that appears to have originated 
in faulting. Farther south in the Rogue 
River valley there is a regular practically 
conformable succession from the Creta- 
ceous through the Tertiary sediments to 
the overlying lavas of the Cascade range. 
Small faults occur in the Eocene coal beds 
which dip beneath the range but the faults 
are connected with the local intrusion of 
the lavas and not of large extent con- 
nected with the uplifting of the range. 

While it is evident that the lavas of the 
Cascade range are faulted, I think Russell 
has greatly overestimated the effect of the 



faulting as a factor in the upbuilding of 
the range, which, as it seems to me, is a 
great pile chiefly of viscous andesitic lavas 
from many confluent cone-capped vents, in 
strong contrast to the coneless basalt 
plains in the formation of which the high 
degree of fluidity in the outflowing lava 
was the most important factor. 

THE GREAT VALLEY 

Of all the relief features of our Pacific 
coast mountain belt the least impressive 
and yet the most important is the Great 
Valley where live by far the larger num- 
ber of people, with railroads for transpor- 
tation, and produce from the alluvial soil 
washed in from the adjacent mountain 
ranges the main portion not only of their 
own subsistence, but much for other parts 
of the world. The great valley extends 
throughout the entire mountain system, but 
not without interruptions, and in fact 
these interruptions are so marked in cer- 
tain localities, as between the heads of the 
Sacramento and Willamette rivers, where 
the valley is obscured by cross folds from 
the Klamath Mountains, that some geolo- 
gists have doubted its continuity. When 
these cross folds and their effect upon the 
great valley are clearly understood it will 
be recognized that the valley is the great 
feature of the Pacific mountain belt, with 
its history deeply buried in and beneath 
an enormous mass of sediments. 



J. S. DlLLEB 



U. S. Geological Survey, 
Washington, D. C, 
December 10, 1914 



-c 



•c t. 



f 




tn 



